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Land use changes occur everywhere. Land use changes, such as forest degradation, effect on a global level. 
They have an influence for example to climate change, water circulation and erosion. However, they affect also 
on a local level and can have an impact to the everyday lives of local communities. 
 
Examining land use changes is important, because it brings more knowledge about changing areas, and how to 
deal with the changes. Local level examination is important when analysing land use changes, as local level 
actions help to understand large-scale phenomena as well. Understanding of land use changes can aid 
policymakers, who are responsible for making decisions about land use management. 
 
Land use changes are evident also in Sri Lanka. During the past few centuries, the country has undergone 
considerable forest loss. The loss of forest has affected to the land management of the country, since strict 
nature protection procedures have been put in place. In practise, this has meant strict forest conservation policies 
and forest demarcations in many areas. 
 
The strict forest protection has been a successful solution in terms of biodiversity conservation. At times the 
conservation procedures have been so restrictive that they have affected negatively to the life styles and 
livelihoods of local communities, who are dependent on the forest resources. 
 
This thesis examines the changes in land use in Welioya village, in central Sri Lanka. The village is located in the 
proximity of a demarcated Bogahapalassa Natural Forest, which has worked as a source of livelihoods for the 
villagers. This study examines, how the land use and land management has developed in the area. It views also, 
which kind of governmental actions have been implemented in the area to increase crop productivity. Moreover, it 
will consider the impacts of the strict conservation procedures to the local communities. It will also present 
alternative solutions that aim to include locals in the forest conservation. One of these procedures is called 
community participation. 
 
The land use changes are analysed with classifying satellite data by visual interpretation method. With the 
method, two land use maps are created for two different years, 2003 and 2015. After satellite image 
classification, the land use changes are quantified with landscape pattern analysis to discover, whether there is 
change in the landscape. Moreover, patchiness, fragmentation and other features of landscape pattern are 
assessed.  
 
Based on the results it is discovered that the area has gone through significant change. Due to the governmental 
projects, the area of home gardens has increased and traditional cultivation practises have decreased. The 
conservation of the Bogahapalassa Natural Forest has had a reviving effect, as the area of the forest has 
increased and open areas inside the forest have decreased. 
 
The government aims at protecting the forest in the future, but their focus is mostly in the biodiversity 
conservation, and not so much in the subsistence or livelihoods of the locals. This creates challenges in the area, 
and this remains a concern among the villagers. 
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Maankäytön muutoksia tapahtuu ympäri maailmaa ja esimerkiksi metsien vähenemisellä on maailmalaajuisia 
vaikutuksia. Niillä on vaikutusta esimerkiksi ilmastonmuutokseen, veden kiertoon ja eroosioon. Maankäytön 
muutoksia tapahtuu myös paikallisella tasolla, ja niillä on vaikutusta paikallisten yhteisöjen jokapäiväiseen 
elämään. 
 
Maankäytön muutosten selvittäminen on tärkeää, sillä se tuo lisää tietoa muuttuvista alueista ja siitä, kuinka 
näiden muutosten kanssa tulee menetellä. Myös paikallisen tason tarkastelu on tärkeää tutkiessa maankäytön 
muutoksia, sillä paikallisen tason toimintatavat voivat auttaa ymmärtämään myös laajemman tason ilmiöitä. 
Lisäksi maankäytön muutosten ymmärtäminen voi auttaa päätöksentekijöitä, jotka ovat vastuussa maankäyttöä 
koskevista päätöksistä. 
 
Maankäytön muutokset ovat nähtävissä myös Sri Lankassa. Viimeisen muutaman vuosisadan aikana, 
Sri Lankan metsät ovat vähentyneet merkittävästi. Metsien häviäminen on vaikuttanut maankäyttöä koskevaan 
päätöksentekoon, sillä maassa on otettu käytäntöön tiukkoja luonnonsuojelutoimenpiteitä. Tämä on tarkoittanut 
monilla alueilla tiukkaa metsänsuojelupolitiikkaa ja metsissä liikkumisen rajoittamista. 
 
Tiukka metsien suojelu on ollut onnistunut ratkaisu biodiversiteetin suojelemisen kannalta. Toisinaan suojelutoimet 
ovat kuitenkin olleet niin rajoittavia, että ne ovat vaikuttaneet negatiivisesti elämäntyyleihin ja toimeentuloon 
paikallisten yhteisöjen keskuudessa, jotka ovat riippuvaisia metsistä saatavista resursseista. 
  
Tämä tutkielma tarkastelee maankäytön muutoksia Welioya-kylässä Sri Lankassa. Kylä sijaitsee rajatun 
Bogahapalassa -suojelumetsän läheisyydessä, joka on toiminut toimentulon lähteenä monelle paikalliselle. 
Tutkielmassa tarkastellaan, kuinka maankäyttö ja sen hallinta ovat kehittyneet alueella. Työssä tarkastellaan 
myös, millaisia valtiollisia toimenpiteitä alueella on toteutettu satojen tuottavuuden kasvattamiseksi. Lisäksi työssä 
käsitellään tiukkojen suojelutoimenpiteiden vaikutusta paikallisiin yhteisöihin. Työssä esitetään myös 
vaihtoehtoisia ratkaisuja, joilla pyritään siihen, että myös paikalliset yhteisöt osallistuisivat metsänsuojeluun (eng. 
community participation). 
 
Maankäytön muutoksia on analysoitu luokittelemalla satelliittikuvia visuaalisen tulkinnan avulla. Satelliittikuvien 
luokittelu on yleinen metodi maankäytön muutoksien tarkastelussa. Luokittelun avulla tutkimusalueelle luodaan 
kaksi maankäyttökarttaa vuosille 2003 ja 2015. Luokittelun jälkeen maankäytön muutokset kvantifioidaan 
maisema-analyysillä (landscape pattern analysis) muutoksien todentamiseksi. Maisemasta analysoidaan myös 
yhtenäisyyttä, fragmentoitumista ja muita maiseman piirteitä. 
 
Tulosten perusteella todetaan, että alue on muuttunut huomattavasti. Valtion rahoittamien projektien myötä 
kotipuutarhojen pinta-ala on kasvanut, ja perinteiset viljelymenetelmät ovat vähentyneet. Lisäksi Bogahapalassa 
metsän suojelulla on ollut elvyttävä vaikutus, sillä metsän pinta-ala on kasvanut, ja metsän rajojen sisällä 
sijaitsevien avomaiden osuus on vähentynyt. 
 
Sri Lankan hallitus pyrkii suojelemaan metsäaluetta myös tulevaisuudessa, mutta päätavoitteena on 
biodiversiteetin suojelu, eikä niinkään paikallisten ihmisten toimeentulon varmistaminen. Tämä aiheuttaa alueelle 
tulevaisuudessa haasteita, ja se on myös huolenaihe paikallisten kyläläisten keskuudessa. 
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Land use changes are occurring around the world. Previously, they were considered a local 
environmental issue, but lately they have become of global importance, as their effects on a 
global scale have been recognised. One way to define land use activities is the changing of 
natural landscape for human use or changes in land management of human-dominated land. 
One of the most significant land use changes that effect on a global scale are forest loggings. 
Forest degradation effects also to the amount of air pollutions, as the degradation of forests 
reduces carbon sinks in the world (Foley et al. 2005). According to the Food and Agriculture 
Organization of the United Nations (hereafter FAO) (2010), deforestation and forest 
degradation accounts for 6‒17 percent of all anthropogenic greenhouse gas emissions. 
According to Foley et al. (2005), the global land use changes have most likely effected to the 
global warming during the past few centuries. However, land use changes affect also locally. 
They have an important influence on erosion and on the circulation of water. Water circulat ion 
has been harnessed for farming, domestic consumption and industry through the ages (Foley et 
al. 2005). According to Foody (2002) land cover changes affect globally to ecological systems. 
Therefore, land use has also an effect to species degradation, and to fragmentation of both flora 
and fauna (Pellikka et al. 2009). Moreover, ecological systems provided by forests are also a 
source of livelihoods for millions of people (Newsham & Bhagwat 2016) and their 
disappearance affects to the life styles of especially indigenous communities. 
Sri Lanka has undergone severe forest loss in the past 200 years. Natural forest covered about 
80 percent of the country’s area in the beginning of the 1800s, but the cover is now about 25 
percent, and majority of it is no longer endemic (Chokkalingam and Vanniarachchy 2011; 
Lindström et al. 2012). 
In this study, land use changes are examined in Welioya, which is a remote village in Sri Lanka. 
This study is a case study, and it focuses particularly in the change in forestland, inhabited land 
and rangeland in the village. The study is part of a project called Community participation for 
improved forest governance in Sri Lanka, established by Finnish NGO Shalin Finland. The 
project started in 2014 and will last until 2017. As a part of the project and part of this study, a 
field visit was made to the study area in May 2015.  
The area of study, Welioya village, is located in central Sri Lanka, in Ratnapura district. The 
village has received its name from the Weli Oya River, which streams through the village and 
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gives water to an irrigation system that was built to the area in the beginning of 2000s. Located 
north of the village, there is a conserved Bogahapalassa forest reserve, which has been protected 
by the government since 2013. During the past decades, there have been illegal forest cuttings 
taking place in the forest, which the government wants to prevent. In addition, parts of the forest 
have been logged and transformed to for example forest plantations and cropland. The forest 
areas are also important for the surrounding communities, and they are used for gathering 
firewood and medicinal flora. 
This study examines land cover and land use changes in Welioya village and its surroundings. 
It will also view how the governmental actions, such as demarcation of forest influences the 
changes in land cover. Moreover, it will consider, how the land management and land cover 
changes influence to the local villagers. The land use changes are analysed based on high 
resolution satellite images, for as also Running (2008) and Gong et al. (2013) have noted: land 
cover data is important for understanding the complex interactions between human activit ies 
and global change. Satellite data is also an excellent technique for a successful land cover 
classification (Maro 2011). However, to better understand and examine the changes in land-
cover and land use, it also requires understanding of 
“people and their societal situation; their priorities; livelihood 
strategies; views on the land; and the wider implications of social, 
political, cultural, biophysical, and institutional factors, among 
others” (Maro 2011). 
Therefore, also societal perspectives on land use are viewed in this study.  
 
1.1 Theoretical background 
In the past, there has been a belief that forest degradation has occurred due to population growth.  
This in turn has been believed to lead to clearing of forests for agriculture and other domestic 
uses, and to the expansion of infrastructure (Mather and Needle 2000; Lindström et al. 2012). 
There has indeed been a rapid population growth in Sri Lanka in the past decades. In 65 years, 
from 1950 to 2015, the population has increased from 8.1 to 21.6 million. According to UN’s 
prediction, the highest peak will be in 2045, reaching up to 23.86 million people. From there it 
is expected to slowly decrease, and in 2100 it has declined to approximately where it is at the 
moment (UN World Population Prospect 2012). 
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Theoretical and empirical evidence of the effect of population growth in forest degradation is 
not clear (Mather and Needle 2000; Lambin et al. 2001), and the simplicity of their relationship 
has been called into question (Newsham and Bhagwat 2016). To understand the profound 
factors of land cover and land use changes, micro-level analysis is required (Evans and Moran 
2002). According to Evans and Moran (2002), it has been noticed that there are more land use 
changes in areas where the pressure of population growth is stronger, but there is still a need 
for closer investigation to know, which factors influence on a local level. 
To act against forest degradation, different kind of land management and protection plans have 
been implemented around the world. However, land management and protection has been done 
often at the expense of local communities, as the locals have not been integrated in the decision 
making of their own surroundings (Agrawal and Redford 2009; Porter-Bolland et al. 2011). As 
a result, there have been suggestions of more inclusive forest management, such as community 
participation. Several researchers (e.g. Lindström et al. 2012; Porter-Bolland et al. 2011) have 
examined community participation and investigated, whether it would be a practical way of 
preventing forest degradation, while simultaneously helping local communities in preserving 
their traditional life style. This study will also consider this approach, and investigate the 
advantages and disadvantages of community participation. 
 
1.2 The objectives of the thesis 
The aim of this thesis is to examine changes in the landscape of Welioya village and its 
surroundings, and discover the societal factors that have affected to the land use changes. There 
are three key research questions or objectives in this thesis: 1) to quantify, how much the 
landscape of the area has changed; 2) to analyse, if there is fragmentation in the landscape of 
the study area; and 3) to examine, what kind of political and cultural aspects there are related 
to the land cover changes.  
According to previous research on tropical forests, the forest cover has decreased in many 
countries, and many local communities have been exploited the right to manage their 
surrounding forests. In addition, the communities have been seen as partly responsible of the 
forest cover loss. Therefore, the main hypotheses in this study are that forest cover has 
decreased in the surroundings of Welioya, and there has occurred fragmentation in the 
landscape. The reasons for forest cover loss in the area may be population growth, 
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intensification of agriculture and governmental land management tactics. The influence of all 
these factors is considered in this thesis. 
The areal change is analysed from two high-resolution satellite images that have been taken in 
2003 and 2015. The satellite images are classified into 12 different land use classes with visual 
interpretation. The interpretation and classification has been done based on the colour 
information of the two satellite images, and by using reference data and old land use maps to 
identify different land use types. The reference data includes GPS-data, photos, personal 
observations and conversations with the locals. The data was collected from the study area in 
May, 2015. After the classification, the landscape pattern changes were measured and 
quantified. This is performed with FRAGSTATS software, which is a spatial pattern analys is 
program for categorical maps. 
 
1.3 Thesis structure 
The theoretical and methodological background of the study is presented in chapter 2. Chapter 
3 examines deeper in land use changes and land management practises, presenting them in Sri 
Lankan context. Chapter 3 introduces also the concept of community participation by 
presenting a case study from Sri Lanka. The study area is described more thoroughly in chapter 
4, and also some governmental actions, which affect to the study area are presented in the 
chapter. Chapter 5 presents the data used in the thesis, and chapter 6 presents the methods. The 
results of the analysis are presented in chapter 7, and in the concluding chapter 8, the received 
results are discussed and ideas for further study are suggested. 
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2. Theoretical and methodological background 
In this chapter, various outlooks and approaches on land use are presented, from theories that 
prevailed formerly to the alternating approaches of present day. Especially, significant 
landscape ecology and development geography outlooks are introduced. From there, 
methodologies used in the thesis are presented. 
 
2.1 Development of land use theory 
At different times, there has been varying prevailing theories of land use changes. In the past 
decades, it has been a common belief that population growth directly influenced to land cover 
changes (Mather and Needle 2000). For example according to neo-Malthusian theory, 
demographic growth is seen as a cause for environmental degradation. It is understandable to 
make these kinds of assumptions based on quantitative analysis because of the easy availability 
and analysing possibilities of population data. The theories have gained supporters in the history 
because they have fitted within prevalent worldviews, or suggested simple technical or 
population control solutions. On the contrary, explaining land cover changes based on for 
example economic, cultural or political trends has been more complicated (Mather and Needle 
2000). 
Micro-scale studies have occasionally challenged the prevailing paradigms (Lambin et al. 
2001), and therefore, have not been taken seriously. Land cover changes, such as deforestation, 
have been associated with the expansion of food production and agriculture, but Heilig (1994) 
argues that also changes in, e.g., life style, food preferences, industrial production and 
transportation have had an influence to the population-forest relationship. There is no arguing 
that population growth would not have influenced to land cover changes, the relationship is just 
more complicated. 
More recently, a common paradigm has been formed that land cover changes are not caused by 
any one factor, but by multiple factors. According to Lambin et al. (2001), rather economic 
opportunities, mediated by institutional factors, drive land cover changes. Also Newsham and 
Bhagwat (2016) conclude that rather than population growth per se, it is mainly consumption 
patterns that have caused environmental and land use changes. The more there is population in 
the world, hence consumers, the more goods are manufactured and food produced, and the more 
natural resources are being exploited. However, the areas where consumption is high and the 
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areas, where the goods are produced (usually with low costs), rarely locate in the same place. 
Therefore, areas where food and goods are produced often bear the causes of (over)exploita t ion 
and degradation, while the wealthier areas enjoy the benefits. Already in the 1970s, Holdren 
and Ehrlich (1974) derived a formula, which suggested that environmental impacts are a sum 
of population growth, consumption or affluence, and technology.  
According to Newsham and Bhagwat (2016), to understand the profound factors of land cover 
and land use changes, global neoliberal economic consumption patterns need to be understood. 
Economic growth has occurred throughout the times with the expense of natural resources, and 
as economic growth is still valued today, the exploitation of natural resources will continue. 
According to Evans and Moran (2002) it has been noticed that there are more land use changes 
in areas where the pressure of population growth is stronger. This may be true for example in 
the frontiers of urbanising areas. However, for example forest loss often occurs in rural areas, 
where population growth is not strong, or is even declining. Therefore, there is uneven 
distribution of population growth, consumption and environmental changes, and the 
relationships should not be excessively connected and simplified to the same places. Hence, 
there is a need for closer investigation to understand local level phenomena (Evans and Moran 
2002). This requires a closer look at what are the incentives that affect land use changes in one 
place to understand why and how land use has changed (Evans and Moran 2002). 
 
2.2 Landscape ecology perspective 
Land use changes can be examined also from a landscape ecology perspective, which focuses 
on the relationships between spatial patterns and ecological processes. In other words, 
landscape ecology considers the causes and consequences of spatial heterogeneity across a 
range of scales. Monica G. Turner and Robert H. Gardner consider land use and land cover 
changes in their book Landscape Ecology in Theory and Practice (2015). According to them, 
previously land-use and landscapes were understood on a very average level, and as 
homogenous areas. Studies often attempted to produce predictive knowledge about particular 
systems without consideration of a wider perspective, or the fractured nature of many 
landscapes. However, wider extent is important in understanding the area. Of course, when 
examining a local community, also the local level phenomena must be familiar. 
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When making a land use analysis, the chosen scale has an important role. Scale refers to the 
spatial or temporal dimension of an object or a process. The scale must be chosen so that all the 
characterising qualities of the heterogeneous landscape are evident in the scale. The effect of 
chosen scale must be recognised, as it can influence the results. For example, differing results 
of different studies can occur due to different scales used. (Turner and Gardner 2015) When a 
same phenomenon is examined on different scales, new or different information about the same 
phenomenon can occur. It is also important to examine cross-scale interactions, because they 
can generate behaviour that cannot be predicted based on observations at single or multip le 
independent scales (Turner and Gardner 2015). Processes that interact across scales can thus 
lead to surprising results. 
In addition to scale, also grain size and extent of the study area are important in land use 
analysis. The overall extent of the study area affects the numerical result or pattern obtained. 
Therefore, seemingly disparate results from different study areas might be due to differences in 
the scales at which they were conducted (Turner and Gardner 2015). In this study, the extent of 
the study area has been selected based on the irrigation system in the study area, because the 
aim is to examine its effects to the area. The interest is also in the land use changes, and all the 
existing land uses must be visible in the chosen scale. However, the data, hence the satellite 
images, have been selected also based on available resources. 
There are also other variables that need to be taken into consideration in land use analysis. For 
example climate is an important factor which affects to landscape formation all over the world. 
Climate works as an independent variable; landscapes will change even without any influence 
from humans or other species, and new ecological communities will develop in the future due 
to climate warming (Turner and Gardner 2015). Besides, what is the “right stage” of a landscape 
or an environment? Landscapes will always change, they cannot be kept preserved eternally 
(Newsham and Bhagwat 2016). What we consider to be “natural” today may actually be the 
product of human alterations made several centuries ago (Turner and Gardner 2015; Newsham 
and Bhagwat 2016). 
Hence, landscape patterns result from multivariate causes that operate and interact over many 
scales in time and space. Therefore, it cannot be simply said that there is one factor in an area, 
such as local community, which has caused landscape changes. Besides short-term changes, 
also the long-term changes in landscapes must be considered. 
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Landscape changes are not as easy to explore as it may seem, as every landscape has been 
formed from unique qualities. Every landscape is a sum of timing and phenomena that have 
affected to the area (Turner and Gardner 2015). The configuration of a landscape can be affected 
by historical contingencies, where the landscape has formed based on past event, and spatial 
contingencies, when the landscape is dependent on local conditions. 
 
2.3 Analysing land cover change using remote sensing data 
Image classification and thematic mapping are typical methods for remotely sensed data, and 
they are justified as one suitable method for documentation and mapping of land use changes  
(Foody 2002). Land use analysis of satellite images can be also time consuming and have 
moderate costs. In this study, land use classification is done by visual interpretation and 
classification of satellite images. Nevertheless, image classification is only an interpretation of 
reality. Andam et al. (2008) note that there can occur bias in the interpretation of land cover  
change, especially in protected areas; if an area is compared at two different times, and the aim 
is to investigate the effects of conservation, it is difficult to say, what the land would have 
looked like, if it had never been protected. 
Temporal aspect is a significant challenge in remote sensing analysis. For example,  
classifications made for older images are always difficult, as there is usually no ground truth 
data from the time that the older images have been taken (Evans and Moran 2002; Turner and 
Gardner 2015). It is also relevant, on what season or time of day the images have been taken. 
Also the composition of the landscape affects to the classification results; it can be especially 
difficult to classify older images in areas, where the landscape is mixed. However, if the older 
images have high resolution (1-30m), the classification is possible. Even though there can be 
problems with temporality, analysing old images is necessary in population-environment 
research and land cover change analysis, so that two times can be compared (Evans and Moran 
2002). 
Through satellite images and GIS, we have the ability to observe, quantify, and efficient ly 
answer questions about spatial patterns over large areas (Turner and Gardner 2015). In this 
study, changes in Welioya village and its surroundings are quantified with satellite image 
classification and visual interpretation methods. The focus is mostly in the changes of 
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forestland, inhabited land and rangeland. The time range for the analysis is 12 years. The older 
satellite image has been taken in 2003 and the newer in 2015. 
As forest degradation has increased on a global scale, Evans and Moran (2002) state that it is 
important to know, which factors affect to the decisions of the landholders in a local level. This 
kind of information can bring more knowledge about the motives of land transformation 
decisions. Local scale processes can also bring more knowledge about the phenomena that 
influence in a global scale. Therefore, also ground data must be collected. (Evans and Moran 
2002) The ground data in this study includes in-situ -data collected from the field, such as GPS-
points, photos, conversations and personal observations. The ground data is used to verify 
different land use types from satellite images. 
 
2.4 Quantification of landscape pattern 
After classification of the satellite images, different land-use classes are observed with 
FRAGSTATS software to discover distinct characteristics of the landscapes, such as patchiness, 
fragmentation and other features. FRAGSTATS (Spatial Pattern Analysis Program for 
Categorical Maps) is a software designated for analysing landscape patterns of categorical 
maps. For the analysis in this study, FRAGSTATS version 4.2 was used. With the software, it 
is possible to analyse landscapes on patch, class and landscape level. Analysing of metrics is 
considered important, as they serve as indicators of how landscapes are changing over time and 
what this may mean for the environment (Turner and Gardner 2015). 
It is quite simple to make analysis with the program, and the results are numeric values of the 
characteristics of the landscape. The challenge with the program is that it gives massive number 
of metrics, but only the most suitable ones to describe one’s landscape should be selected. If all 
the possible metrics were selected, there would be 75 descriptive metrics on a patch level, 109 
on class level and 116 on landscape level, all together 300 metrics (McGarigal 2015). The 
specifications of all the metrics are available for example in the website of the Department of 
Environmental Conservation, University of Massachusetts, where Dr. Kevin McGarigal, one of 
the creators of the software, works as a professor. 
The combination of most suitable metrics should be determined so that they are meaningful and 
can be interpreted rationally (Turner and Gardner 2015). Firstly, the metrics must be chosen to 
answer particular questions or objectives, instead of every possible objective. Secondly, the 
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subset should explain the variability of pattern across the landscape, but there should be as little 
redundancy as possible. Therefore, the metrics should be relatively independent. Thirdly, the 
metrics must detect the differences in the pattern of the landscape. If there is only a little 
variation in the results, the metrics are not useful. (Turner and Gardner 2015) Otherwise, 
erroneous conclusions can be drawn (Eigenbrod et al. 2011). Commonly used metrics are for 
example number of patches, patch density, edge density, landscape shape index, area-weighted 
mean shape index, and contagion (Remmel and Csillag 2003), but also many different 
combinations are used based on the meaning of the study. 
Landscapes can be analysed on multiple levels (patch, class and landscape), if the results can 
be interpreted reasonably. The advantage with multiple level analysis is that more versatile 
results about the landscape can be received. For example, class-level metrics describe the 
characteristics of each single class type, but landscape-level metrics examine the spatial 
structure in multi-class patch mosaics (Cushman et al. 2008). When using metrics on many 
levels, the results of the analysis can give more information about the landscape. 
 
2.4.1 Universal and temporal change metrics 
There are several different combinations of suitable metrics to analyse landscape patterns, 
depending on study area, used methods and the meaning of the study. For example, Riitters et 
al. (1995) performed multivariate factor analysis for 85 different land use maps. As a result, 
they received five independent factors to describe different landscapes: the total number of 
different land cover types on the map, contagion, fractal dimension, average patch perimeter-
area ratio and relative patch area (average ratio of patch area to the area of an enclosing circle), 
which indicates how compact the patches are. Li and Reynolds (1994) used theoretica l 
considerations and proposed five different metrics to interpret landscapes: number of land-
cover types; proportion of each type on the landscape; spatial arrangement of patches; patch 
shape; and contrast between neighbouring patches. Based on their analysis, one metric should 
be selected to quantify each of these different aspects of pattern, but the metrics should not be 
redundant. 
McGarigal and Marks (1995) conducted Principle component analysis (PCA) and received 
three independent factors to analyse their landscape: patch shape and edge contrast, patch 
density and patch size. Also Cushman et al. (2008) used PCA to identify independent 
components of landscape structure. They found seven universal class-level and seven universa l 
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landscape-level metrics that describe landscape patterns comprehensively. The class-leve l 
metrics were: edge contrast, patch shape complexity, aggregation, nearest neighbour distance, 
patch dispersion, large patch dominance and neighbourhood simila rity. The landscape-leve l 
metrics were contagion/diversity, large patch dominance, interspersion/juxtaposition, edge 
contrast, patch shape variability, proximity and nearest-neighbour distance. 
These presented metrics are results of different studies, which sought to discover universa l 
metrics to analyse landscapes. The data in the studies was extensive, and the purpose of the 
“meta-results” was to produce general metrics that could be used for many different landscapes 
globally. However, in this study, there are two different times, and the purpose is to detect 
change over time. There are also studies that aim to discover landscape metrics that can be used 
to analyse temporal change. 
For example, Southworth et al. (2004) examined forest cover change in Honduras in 1987-2000. 
They examined the change at class level, and chose nine metrics to describe the change: largest 
path index, patch density, total edge, edge density, number of patches, mean patch size, 
landscape shape index, mean shape index and interspersion-juxtaposition index. According to 
Southworth et al. (2004), the number of patches is a good index specially to examine 
fragmentation, because since the area of the landscape is constant, more patches equates to more 
fragmentation. Most of these metrics are useful also in this study, as they describe well the 
change in forest cover, which is the aim also in this study. 
Shooshtari and Gholamalifard (2015) chose six metrics, and compared both class and landscape 
with the same metrics. The metrics they chose were: number of patches (NP), mean patch size 
(MPS), largest patch index (LPI), landscape shape index (LSI), area weighted mean shape index 
(AWMSI), and edge density (ED). They explain that they chose NP, because it helps to detect 
change process in a scenery. MPS index was chosen because it is the initial predictor of variety 
within a patch. The LPI metric was chosen because it provides indication dominance of the 
different land cover classes. According to them, LSI is a standardized descriptor of patch 
compactness that adjusts for the size of landscape (Shooshtari and Gholamalifard 2015 citing 
Plexida et al. 2014). In addition, they chose AWMSI index to determine patch variety and 
sensitivity to fragmentation. Lastly, edge density metric was selected to quantify the dynamics 
of the abundance and attributes of particular types of edges (Shooshtari and Gholamalifard 2015 




2.4.2 Landscape metrics used in this study 
Metrics should be selected based on the area of study and purposes of the study (e.g. Liu et al. 
2016; Turner and Gardner 2015). Therefore, out of the different metrics combinations presented 
previously, most suitable ones were chosen for this analysis based on literature and on the 
features of the study area. As the analysis is a temporal comparison of two different times, the 
metrics were chosen firstly based on their ability to predict temporal change (Borak et al. 2000). 
The temporal metrics are still simple metrics, which can be used also in analysis, where 
temporality is not main priority. However, based on previous studies, they are good metrics for 
temporal analysis, and are therefore called temporal metrics in some studies. 
Nevertheless, the metrics should be also simple and understandable (Turner and Gardner 2015). 
Therefore, also few simple and suitable metrics were chosen, which would understandab ly 
present the characteristics of the study area. For example, Shannon’s Diversity Index is a 
popular measure of diversity in community ecology (McGarnigal and Marks 1995), and is used 
in this study to describe diversity. Usually, diversity indices are influenced by richness and 
evenness of the landscape. In this context, richness refers to the number of patch types present, 
and evenness to the distribution of area among different types. 
In this study, the landscape is analysed on multiple levels to receive more information of the 
landscape. The levels have been chosen similarly as in the studies of Shooshtari and 
Gholamalifard (2015) and Southworth et al. (2004), who both performed a temporal change 
analysis, and chose quite similar class and landscape level metrics. Moreover, also Cushman et 
al. (2008) received universal class and landscape level metrics, which were used as basis for 
choosing metrics also in this study. 
As presented previously, besides these studies, there are also multiple other studies, where the 
researchers have chosen similar metrics. Out of these studies, the most suitable ones were 
chosen to describe the study area. The metrics are on class and landscape level, as these levels 
have been used most often. The metrics are presented more thoroughly in chapter 6.3. All in 
all, 7 class metrics and 7 landscape metrics were chosen. 
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3. Land use changes and land management in Sri Lanka 
Due to changes in land use and biodiversity, a worry about the faith of the rapidly changing 
areas has arose around the world, and especially in the Global South (Mather and Needle 2000). 
Land use changes, such as forest degradation, are also evident in Sri Lanka. Before the 1800s, 
about 80 percent of the country was covered in natural forest (FAO 2010; Chokkalingam and 
Vanniarachchy 2011; Lindström et al. 2012). In 1956, the area of primary forest had decreased 
to approximately 44 percent of the country’s total area, and in 1996 to 30 percent. Today, the 
total area of forest is about 25 percent, but only a fraction of it is primary forest. 
During the past centuries, forest degradation has resulted in Sri Lanka mostly due to 
colonialism. During these times, the imperialistic actions pushed the increasing consumption 
and transportation of natural resources in the world (Newsham and Bhagwat 2016). Natural 
resources were transported also from Sri Lanka. For example De Zoysa and Inoue (2008) state 
that in the 18th and 19th centuries, the forest loss occurred due to exclusive use of forests by 
European colonial rulers. The Dutch first and then the British invaded Sri Lanka, and the British 
took over the island in 1802 with the Treaty of Amiens. During this time, some of the forests 
in the wet-zone were cleared to plant export crops such as coffee and tea, and the dry-zone 
forests were cleared to collect valuable timber for exportation (De Zoysa and Inoue 2008). 
The land use changes of more recent times have occurred due to various reasons. According to 
Lindström et al. (2012) and Lambin et al. (2001), who both have investigated the prevailing 
situation of land use change in Sri Lanka, think that the most considerable reason for forest loss 
is the conversion of forests to agriculture and development projects. According to them, the 
logging of forests has also occurred because of high demand of wood for industries and 
households, and because of encroachments due to shifting cultivation (chena), unsustainab le 
tourism industry and lack of demarcated forest areas. However, they highlight that the 
underlying reasons for the loss of forests are the lack of sufficient national land use policies and 
the lack of common agenda among different ministries of Sri Lanka. 
The state authorities woke up to the land use changes in Sri Lanka rather early, and started 
actions for protection already in the 1800’s in the forms of conservation laws and ordinances. 
These conservation laws have occasionally been so strict that they have limited the rights of the 
local indigenous communities. In some cases, the local communities, who previously used the 
resources of their surrounding areas for every-day living, are now completely restricted from 
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entering their surrounding forest areas. These regulated areas are called Protected Areas (PA), 
and they are designed to restrict human influence in the area (Porter-Bolland et al. 2012). 
From these strict conservation procedures, a controversy between the will for preserving the 
environment and the rights of local communities to practise their traditional lifestyle has arose. 
The land management of Sri Lanka is controlled mostly by governmental agencies, whose aim 
is to protect the unique nature. However, there are also opponents of the strict forest protection, 
who present inclusive solutions for sustainable forest management. 
 
3.1 Land management in Sri Lanka 
It is important to view, how land settlements and laws have developed in Sri Lanka, as they 
have a significant role in the development of land use changes. This chapter examines briefly 
the history and current state of land management and legislation in Sri Lanka, and discusses 
about the critique that has been presented towards the land management procedures. 
According to Chokkalingam and Vanniarachchy (2011), information about forest land 
ownership and management is partly unclear in Sri Lanka. There are two state agencies, the 
Forest Department (FD) and the Department of Wildlife Conservation (DWLC), which 
administer most of the forest lands (93 percent), and manage all the state-owned forest resources 
(Chokkalingam and Vanniarachchy 2011). The most important function of the departments is 
the protection of forests, and most of their administered land is divided in to conservation and 
non-extractive uses. Non-extractive use of land means land use without extracting its resources.  
Before the establishment of the FD and the DWLC, there were already conservation laws and 
regulations legislated by governmental sections. For example, one of the earliest directives, the 
Forest Ordinance (1885), was set to protect the natural forest resources by controlling felling 
and transportation of timber (The FD 2015). In 1885, the DWLC established altogether 66 
conservation areas, which consisted of 11 national parks, 5 nature reserves and 50 sanctuaries 
(Gunasena 1993). The Forest Department was established in 1899. In 1907 The FD and DWLC 
renewed the Forest Ordinance, and it became the corner stone of the present forest and plant 
protection laws. Over the years, there have been amendments and new legislations to protect 
forests and overcome policy weaknesses in forest management. For example, in 1990 a 
complete logging ban was implemented in the wet zone (Lindström et al. 2012). 
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The government of Sri Lanka has also defined National Forest Policies for forest management. 
The main goal of the National Forest Policies (NFP) is to create guidelines on how to preserve 
the unique nature of Sri Lanka sustainably, but simultaneously they agree that the forests are a 
source of economical profit. The first National Forest Policy was made before independence in 
1929 by the British, and it has been redefined four times after that in 1953, 1970, 1980 and most 
recently in 1995. The NFP of 1980 was the first to recognise the concept of social forestry, and 
the NFP of 1995 highlighted the importance of biodiversity for the first time. Thus, the need 
for protection of the biodiversity was included in the forest policies rather late. According to 
the Forest Department, the main points of the 1995 Policy are: 
 To conserve forests for posterity, with particular regard to biodiversity, soils, water, and 
historical, cultural, religious and aesthetic values. 
 To increase the tree cover and productivity of the forests to meet the needs of present 
and future generations for forest products and services. 
 To enhance the contribution of forestry to the welfare of the rural population, and 
strengthen the national economy, with special attention paid to equity in economic 
development. (The FD 2015) 
 
3.1.1 The Forest Department and the Wildlife Department 
The most important task of the FD and the DWLC is conservation of endangered areas. At the 
moment, the total protected area of Sri Lanka is about 2 million hectares, which is 30.5 percent 
of the total area of the country (Chokkalingam and Vanniarachchy 2011). The Department of 
Wildlife Conservation is responsible of the protection of National Reserves and Sanctuaries, 
and parts of the forests. The National Reserves are divided in Strict Nature Reserves, National 
Parks, Nature Reserves and Forest Corridors (figure 1). The National Reserves and Sanctuaries 
cover together approximately 850 000 hectares, which is 13 percent of the total area of the 




Figure 1 Division of protected areas in Sri Lanka according to The Department of Wildlife Conservation. In brackets are 
presented the amount of the divisions. 
 
The Forest Department is responsible of protecting most the country’s forests (The FD 2015). 
In 2008, the FD was responsible of about 1 517 000 hectares of forests and 95 000 hectares of 
plantations (Chokkalingam and Vanniarachchy 2011). Only a small part of the forests is 
managed by other state agencies or private owners. Figure 2 shows the division of protected 
forest reserves, which are divided into five classes: National Heritage Wilderness Areas; 
Reserved Forests; Village Forests; Conservation Forests and Other State Forests. Also more 
precise tasks of the different reserves are explained in figure 2. 
 
Figure 2 The Forest Department’s division of Forest Reserves in Sri Lanka. 
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Even though the FD protects 55 percent of the forests, most of Sri Lanka’s timber and fuelwood 
supply comes from private smallholder TROF (trees outside forest areas) systems, such as home 
gardens and coconut and rubber plantations. More precisely, 70 percent of timber and over 80 
percent of fuelwood come from TROFs. Together they cover 1.8 million hectares (27%) of the 
land area of the country (Chokkalingam and Vanniarachchy 2011). Most of the areas protected 
by the FD and the DWLC are conserved due to their rich biodiversity and important ecosystems. 
Regionally, the protected areas of the two departments go partly on top of each other. According 
to De Zoysa and Inoue (2008) the divisions are complicated and equivocal. They have also 
criticised that the multidimensional division makes the management of the forests inefficient.  
 
3.1.2 The role of local communities in land management 
About 72 percent of the population of Sri Lanka live in rural areas (Lindström et al. 2012). Most 
of them are small-scale farmers, who own, or their ownership is comparable to owning, a parcel 
of land. The average area of a parcel was 0.47 hectares in 2002 (Chokkalingam and 
Vanniarachchy 2011). In 2001, about 30 percent of the rural population lived near forests and 
were partly dependent on forest resources, such as fuel wood and non-timber forest products 
(NTFP) (Chokkalingam and Vanniarachchy 2011). 
The protection of Sri Lankan forests causes a contradiction, especially as so many small-sca le 
farmers still depend on forest resources. Lindström et al. (2012) argue that the protection laws, 
which have caused a shortage of agricultural land, have led to poverty among many farmers. 
Also, the lack of decentralisation of forest management and private sector involvement in the 
use of wood resources have affected to forest loss. De Zoysa and Inoue (2008) state that 
centralised forest management and enforcement of governmental power in forest conservation 
have hindered the development of forest sector. For example, forest-planning decisions are 
made mostly on national level, and local communities are excluded from the decision making 
(De Zoysa and Inoue 2008). 
According to De Zoysa and Inoue (2008) and Lindström et al. (2012) also centralised hierarchy, 
lack of tenure rights and legal reforms, mistrust in the government and weak enforcement of 
laws have affected to the efficiency of forest conservation. From the 1950’s, the forest 
management has been administered by trained officers from the Forest Department (De Zoysa 
and Inoue 2008), but the government officials have been accused of corruption. Allegedly, parts 
of these government owned forests have been encroached by private actors (Bogahapalassa 
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Forest Management Plan 2016) such as private companies (Shalin Finland 2014) and merchants 
(De Zoysa and Inoue 2008), and some of these actions have not been prevented by the officia ls.  
In developing countries, land owning rights in general are often unclear. For example, local 
land ownership is not always recognised by state authorities, because it is managed by 
institutions that are not formally recognised (Newsham and Bhagwat 2016). Also in the study 
area there is legal plurality in land owning rights. Parts of the local forest has been owned 
through the ages by a local Buddhist temple, which has rented land parcels for local farmers. 
Simultaneously, the land is officially owned and protected by the Forest Department, and the 
local owning is not recognised beyond the community. Nevertheless, to build stronger 
relationships between the state officials and local communities, there should be more 
coordination and spreading knowledge about land owning rights (Newsham and Bhagwat 
2016). 
 
3.2 Strict forest conservation versus community participation in forest protection 
At times, forest protection has been very restrictive for local communities in the Global South, 
but lately, the unequal situation has been called into question. Ever since the 1980s, there has 
been a move towards more alternating conservation procedures, where the local communit ies 
have been included in the decision making of their surroundings. In this “joint” conservation 
procedures, in theory the locals manage their surroundings together with state authorities and 
also benefit from their surroundings economically but sustainably. Also in Sri Lanka the idea 
of participation of local communities in forest management has been considered in the National 
Forest Policies (Lindström et al. 2012; De Zoysa and Inoue 2008) but the implementation has 
not yet been widespread. 
Even though joint conservation procedures have been introduced, there is still varying opinions 
among researchers on what is the best way to arrange forest conservation. Some, especially 
ecologists, rely on strict protection and Protected Areas to conserve forests, as they have been 
a successful solution in terms of biodiversity conservation. However, it has been argued that it 
deteriorates the rights of the rural population, who depend on the forest resources (Lindström 
et al. 2012). Therefore, others suggest that including local activities in the forest protection is 
more effective in the long term, and can also reduce poverty. Including local stakeholders in 
the management, use and decision-making of their surrounding environments is called 
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community participation (Porter-Bolland et al. 2012). Community participation enables local 
villagers to use forest resources with permission. This is a modern concept of multi-stakeho lder 
forest management, and it has been a worldwide trend especially from the 1980’s to 2000’s (De 
Zoysa and Inoue 2008; Newsham and Bhagwat 2016). 
One example of community participation is community forestry, where the local communit ies 
are involved in the forestry by growing of trees and processing of forest products, and also 
generating income through small forest-based industries (FAO 1978). According to 
Broekhoven (2005) forest governance is increasingly being recognised as an essential 
ingredient for achieving long term forest conservation and sustainable forest management. 
Decentralised forest governance has also been suggested to prevent corruption and illega l 
logging (De Zoysa and Inoue 2008). Therefore, the concept of community participation is 
examined more in the next sub-chapters by introducing previous studies about the subject. 
 
3.2.1 Relationship of local farmers and forest cover loss 
Most of the people living in rural Sri Lanka receive their livelihood from agriculture, but the 
profits of small-scale farmers are as such insufficient. According to Lindström et al. (2012), the 
farmers do not have enough land and have to work outside of farming seasons, and have to find 
other ways to gain their livelihoods. Given their circumstances, the forests are an inevitab le 
solution. Many of them extend their achieving of income to the forests, even though they 
acknowledge that it is illegal due to the strict forest conservation laws. Therefore, Lindström et 
al. (2012) have investigated, if there truly is a relationship between local farmers and forest 
cover change. 
They compared two different forest areas in their research, where different approaches on forest 
protection and management were used. Both of the forest areas had been demarcated since 
2001, which means that it was completely restricted to enter them. In the other study area, the 
Kanneliya Forest Reserve in the southwest coast of the country, community participation was 
applied to some extent in terms of loan schemes, training programmes and ecotourism. In the 
other site, the Knuckles Conservation Forest about 100 kilometres north from Welioya village, 
community participation was entirely absent. In terms of livelihoods and forest conservation 
policy, the Knuckles Conservation Forest is very similar to Welioya village, even though the 
forest area around Welioya has been demarcated later. 
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As a result, Lindström et al. (2012) found out that in both of their research areas, the area of 
forest had decreased since 1984. However, the decreasing of forest was greater in Kanneliya, 
where 70.8 percent of forests were left in 2010, compared to 1984. In Knuckles, 98.8 percent 
of forest cover was left in the timespan of 1984-2003. In the forest zone, the demarcation had 
decreased encroachment and illegal timber logging, but affected negatively on the livelihood 
of the local farmers. 
Lindström et al. (2012) discovered that the strict protection of conserved forests caused negative 
economic costs for the local communities. In Kanneliya, there were more approaches in 
increasing income of the locals, but in Knuckles there were none. They argue that ever since 
forests have been demarcated, the local farmers have lost their livelihood, which used to come 
from collecting goods from the forests. Some of the local farmers had also moved away from 
their previous residential areas because they did not make enough living from their 
surroundings. On the other hand, the emigration of the farmers had a reviving effect to the 
biodiversity of the forests and to the regrowth of forests, as some of the previous parcels started 
to regrow as new forests. 
On the other hand, Porter-Bolland et al. (2012) argue that preventing forest cover loss does not 
necessarily mean that the amount of species would be at its highest. According to Newsham 
and Bhagwat (2016) it has been proved that the forest ecosystems are connected to their 
surrounding ecosystems, and only by conserving a demarcated area does not guarantee 
prevalence of its ecosystem, if the surroundings is not taken into consideration. Moreover, forest 
ecosystems are changing continuously even without human influence (Turner and Gardner 
2015). 
Similarly to many community participation advocates, Lindström et al. (2012) argue that even 
though the forest loss was greater in Kanneliya, it is more sustainable to include the locals to 
forest management instead of excluding them, as this way their participation will be on behalf 
of the forests. They state that if the communities are included in the management, their respect 
on the surrounding forest will undoubtedly be higher, because the better they take care of their 
surroundings, the more likely the forests will provide a way of living for longer time. Lindström 
et al. (2012) also suggest that one way to decrease pressure of overusing forests as a livelihood 
is to improve the agricultural conditions, such as improve the production of for example paddy 
cultivations or home gardens. Simultaneously, raising awareness about conservation affects to 
the understanding of the importance of sustainable forest use. 
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On the other hand, the knowledge about the benefits of forests are already known in many 
communities in Sri Lanka. This was acknowledged in the two villages in the research of 
Lindström et al. (2012), and it was also apparent in Welioya. Many of the villagers in Welioya 
said during the conversations that they know about the importance of forests in water circulat ion 
and erosion prevention. The farmers in Welioya, as well as in Lindström et al. research area 
told that they still have to enter the restricted forest areas even though they know that it might 
be harmful for the forests, because their earnings from home gardens and cultivations alone are 
not sufficient. 
Even though the state owned protected forests may not have suffered from forest loss in the 
study of Lindström et al. (2012), Naughton-Traves et al. (2005) point out that there are cases, 
where the boundary areas of conserved forests are exploited unsustainably, which can in turn 
deteriorate the state of conservation forests in the long term. For example DeFries et al. (2005)  
found in their satellite image analysis that there have been forest clearings around conserved 
areas, in the buffer zones. 
All in all, even though the conservation of forests affected positively to the biodiversity and 
regrowth of the forests in Knuckles, many of the locals had losses in livelihoods and land. 
Similar development has been evident also in Welioya village (Shalin 2014). Therefore, it is 
relevant to examine, what would be the most functional way to both conserve the forests and 
simultaneously make sure that the people can practise the life style of their own choosing. 
Nevertheless, some challenges still remain in community participation procedures, and they are 
presented more profoundly in the following. 
 
3.2.2 Challenges in community forest management 
According to development advocates, community participation is considered to be a solution 
for sustainable forest conservation. However, there are also some challenges presented towards 
community participation and joined forest management, and Newsham and Bhagwat (2016) 
have compiled them in their book Conservation & Development. According to them, 
researchers have questioned if community participation procedures bring too much objectives 
to the local communities on top of existing responsibilities, when there is already other things 
to worry over, such as poverty. It has also been asked, if it is wise to give so much control to 
indigenous people, who might not have the capacity or priorities for conservation. Should the 
power be given to state authorities, who have broader understanding of the big picture, and 
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perhaps professionals dealing with the issues or should local indigenous knowledge be more 
respected in dealing with local issues.  
Other critique that has been presented about joint community management is that local 
communities should not be considered as a homogenous group with convergent opinions. Also 
inside local communities there might be conflicting opinions about the uses of their surrounding 
land. The local communities may have contradictory or different opinions than state officia ls 
about the use of certain land areas. Sometimes it is also blamed that traditional land uses are 
destructive or “bad”, and new conservationist approaches defined based on scientific 
knowledge are “good”. Instead, the approaches should not be “top-down” interventions from 
outside, but made by understanding local communities and their values. (Newsham and 
Bhagwat 2016) 
Some conservationists have claimed that the importance of biodiversity protection has been 
forgotten in the expense of poverty alleviation. They have criticised that livelihood based 
activities are harmful for biodiversity conservation. Some even think that conservation and 
development objectives should be completely separated. However, it has been discovered that 
very often there is geographical overlapping between areas where poor people live and high 
biodiversity is found, and therefore it has been argued that development, especially poverty 
alleviation and conservation cannot be separated. (Newsham and Bhagwat 2016) 
It has been presented that when community participation has been implemented, people have 
had to give up some traditional livelihoods such as shifting cultivation (called chena cultiva t ion 
in Sri Lanka) for the purpose of conservation. It has been asked, whose agenda the conservation 
has been, and have the locals been taken into consideration. Due to giving up a life style, there 
has also been lack of motivation among the locals in conservation procedures. The question of 
agendas in conservation can be brought also in wider context. For example, when community 
management occur, the revenues are often collected by the local elites or those, who are dealing 
with the conserved areas, such as tourist locations. It has also been highlighted that poor locals 
may lack the skills to collect the revenues by themselves. Even if they had the skills, they might 
not have working monetary system. (Newsham and Bhagwat 2016) 
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4. Study area 
Sri Lanka is located in Southern Asia in the Indian Ocean, southeast to India (figure 3). The 
area of study is located in the southern part of the country, and it extends to the region of three 
districts; Ratnapura, Badulla and Moneragala, and three Divisions; Balangoda, Thanamalvila 
and Hildummulla. The study area (red rectangle in figure 3) consists of a conserved 
Bogahapalassa Natural Forest, which is located in the northern part, and Welioya village, 
located south of the forest. The precise area of the study area is 40.83 km². 
 
Figure 3 Location of the study area. 
 
The climate of the study area is intermediate, which means that it is a mixture of wet and dry 
climates. Sri Lanka’s macroclimate is tropical, and the temperature in the study area reaches to 
almost +30°C every day. Humidity is very high, averaging about 80% year-round (World 
Travel Guide 2015). The height differences in the study area vary from 120 meters to 600 meters 
above sea level (figure 4). The elevation is at its lowest in the southern parts of the study area, 
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where the Welioya village is located, and it increases in the west and north. The elevation is 
also lower near the river bases and higher, when the distance from the rivers grows. 
 
Figure 4 Height profile of the study area. 
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There are distinct wet and dry seasons in Sri Lanka. The study area is affected by both the Yala 
and the Maha monsoons, the first bringing rains from southwest and the latter affecting from 
the northeast. The Yala usually lasts from May till August, and the Maha from October to 
January. Figure 5 shows the monthly rainfall in the research area. The annual rainfall of the 
area varies from 1500 mm to 2500 mm, April and November being the months with most heavy 
rains. (Bogahapalassa Forest Management Plan 2016) 
 
Figure 5 Monthly rainfall in Bogahapalassa Natural Forest and the study area. 
 
In 2014, the population in the surroundings of Welioya village was approximately 2800 people 
and around 800 families. 1349 were men and 1459 were women. According to these numbers, 
the approximate family size in one household/family is about 3.5. In the surrounding forest 
areas, the settlement is more dispersed, as the forest is conserved. In the surroundings, the 
family size is about 3.1 (Bogahapalassa Forest Management Plan 2016). 
 
4.1 Influence of governmental actions in the study area 
The Bogahapalassa Conservation Forest, located north from Welioya village, covers almost 
half of the study area. The forest area has been demarcated since 2013, which means that it is 
restricted from the locals to enter there. However, during the field trip in May 2015 it was 
evident that the forest has been entered and misused. In the conservation forest, there were for 
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example illegal loggings of teak trees, as well as firewood and other plantations inside the forest 
(figure 6). 
Not all the actions taking place in the forest are executed by so called “lawbreakers”. The forest 
area works also as an important source of firewood and medicinal flora for the locals. Moreover, 
some of the areas that have been transformed to fields or plantations in the forest were rented 
for the locals before the demarcation by the Buddhist Temple. As noted previously some land 
rights are not recognised beyond a community. Same goes to the Bogahapalassa Conservation 
Forest. In the past, the forest was owned by the Buddhists Temple. Even nowadays, they 
consider that the forest areas belong to them. Simultaneously the forest belongs officially to the 
Forest Department. Therefore, there are many uses for the forest areas. 
 
Figure 6 Inside the Bogahapalassa Conservation Forest. In left, the remains of a logged teak tree have been left in the forest, 
and in right is a previous firewood plantation, which has since then been decayed. 
 
Even though the Bogahapalassa Conservation Forest was demarcated in 2013, the boundaries 
of the area have not been properly defined before 2016. The definition was done by the Forest 
Department in the new Forest Management Plan for 2017-2026. The boundaries have been 
defined mostly based on field visits and natural boundaries, such as rivers. The purpose of the 
Forest Management Plan is to “identify management guidelines and interventions to overcome 
threats and bring the forest in to sustainable management considering socio-economic 
concerns” (Bogahapalassa Forest Management Plan 2016).  
In the report, the officials address that deforestation and forest degradation have been caused 
mainly by lack of forest surveillance and demarcation, because of existence of private lands 
within the boundary of the forests, forest encroachments, forest fires, spreading of invasive 
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plants, human-elephant conflicts and degradation of lands within the forest. The boundary of 
the protected forest area is human made and artificial. The fundamental problem of unclear land 
management and owning remains, as the Protected Area has not been defined properly. 
Moreover, it coexists in the same space as residential areas and also in the same space as 
territories of wild animals. The biodiversity and nature protection aspect is strongly present in 
the Management Plan and according to the officials one of the solutions to prevail the natural 
forest is demarcation. The local communities are seen as the encroachers and the cause of the 
degraded forest. In the Management Plan, no solutions for co-management or community 
participation are suggested. 
There have also been governmental development projects in the District of Ratnapura, which 
have had considerable influence to Welioya. One of them is a construction project called the 
Weli Oya -project and as a result an irrigation system has been built between 2001 and 2007 
(figure 7). It consists of a dam and a canal system, and it transfers water from Weli Oya River 
to many of the surrounding villages. The purpose of building the irrigation system was to enable 
more people to start cultivations and home gardening in the area. The canal and its influence to 
the study area is further examined in the analysis, results and discussion chapters. 
 
Figure 7 The Weli Oya -project is an irrigation system consisting of a dam and a canal system. Left figure: Chandimal 
Ranathunga. 
 
4.2 Challenges in the study area 
The government wants to protect the last remaining primary forest in the area, as well as the 
biodiversity and endangered species, both flora and fauna. The forest is rich with medical 
plants, but it is restricted to collect them. There is also a danger because of wild animals, such 
as elephants. The human-elephant conflicts are becoming more common in the villages. In the 
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past, the habitat of the elephants was in the Udawalawe National Park (figure 3), where they 
were able to roam freely. After the building of the irrigation system in the beginning of the 
2000s and increasing home gardening followed by the project, the elephants have started to 
roam to the villages to eat for example bananas and other plants during dry season (Shalin 
2014). They also wander to salt lakes, which are located north from Udawalawe, close to the 
inhabited areas. The villagers fear the elephants, so they try to banish them by scaring them 
away with blanks and other loud noises, which has only made the elephants more stressed and 
unpredictable. 
Also corruption can be detected in the study area, and it has been acknowledged for a long time 
in Sri Lanka (Lindström et al. 2012, Chokkalingam and Vanniarachchy 2011). The DWLC 
officials have stated their frustration, because they have been powerless to intervene in the 
illegal encroachments. In addition, they have accused the FD of corruption and of not fulfill ing 
their responsibilities, which are supervising the forests. On the other hand also the FD officia ls 
have accused the high rank officials of the DWLC of corruption. 
There are also some unauthorised construction projects taking place in the area. There is for 
example valuable fine sand in the bottom of the rivers, which is being lifted up and used for 
construction projects in the area. Also contamination causes trouble. There were signs that the 
upstream of the rivers had been enriched with poisonous fertilisers to gain better harvest in the 
downstream villages. This has already polluted some areas, and it has been even suspected that 
the pollutions have caused liver damages for some people. 
However, the injustices in the area have been also protested and the rights of the village rs 
noticed. There is for example a court case against some private land owners and against the FD 
for not supervising the illegal forest cuttings properly. There is also an active Farmer’s 





Both qualitative and quantitative data are used in this study. Some of the data was collected 
during the field trip in May 2015 and some have been acquired elsewhere. The quantitative data 
includes high-resolution satellite images, old land cover maps and GPS-data collected from the 
study area. The qualitative data includes conversations with the locals, personal observations 
and photos taken from the field. The data is presented in table 1. 
Table 1 Quantitative and qualitative data of the study. 
  Data Source Data collection time 
Quantitative data Reference data GPS-points from the field 11.-18.5.2015 
  Satellite images Apollo Mapping 01/2003, 07/2015 
  Old land cover map Survey Department of Sri Lanka 1994/1995 
 Qualitative data    
  Photos Photos taken during field study 8.-19.5.2015  
Conversations During field study 8.-19.5.2015 
  Observations During field study 8.-19.5.2015 
 
The study was made in collaboration with a local organisation called Centre for Environmenta l 
Justice (CEJ), and students from the Sabaragamuwa University of Sri Lanka. During the field 
work, the students worked as interpreters, and assisted for example with species recognit ion, 
history of the area and other essential information. 
 
5.1 Field work and data collection 
During the field trip to Welioya in May 2015, ground data was collected to gain more 
information about the area. The data consisted of observations and photographs, and GPS-
points collected from the field. During the field trip, the aim was to visit as many different 
places in the study area as possible, and to collect data from all the existing land use types. 
The intention was to collect the points based on beforehand determined locations, decided based 
on earlier land cover maps and satellite images from the area. However, there were unpredicted 
difficulties to proceed to all the intended locations due to unexpectedly rugged terrain, so not 
all places were visited. Nevertheless, also Turner and Gardner (2015) remark that always when 
extrapolating from a sample of data, we have to estimate values from conditions beyond the 
range of the data used in the process of estimation. According to them, we never have the “right” 
scale of all the needed data, such as in this occasion. The GPS-points are only a sample of 
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reality, based on which an estimation of land use verification is made. Therefore, not all possible 
places from the study area have been verified from ground truth data. 
There is not much previous data from the study area. The visited places were determined by 
examining an old land cover map from 1995, created by the Survey Department of Sri Lanka 
(appendix 1). The purpose was to visit every different land-use patch in the study area based on 
the map and verify, if they had remained the same. Some of the visited locations were chosen 
also based on narrative of the locals, as they had much more updated knowledge about the area 
than maps. For example, they had information about forest clearings, encroachments and 
unauthorised construction projects in the area. Thus, some beforehand determined and some 
new locations were visited. 
As noted, the proceeding in the study area turned out to be slow and difficult. During the first 
days, the water level in the rivers was high, and due to lack of bridges, the only way to cross 
the rivers was to walk through them. The lower crossing places had to be searched, which 
prolonged the entry to the research area. Due to the difficult circumstances, it was possible to 
advance only about 5-8 kilometres per day. The study area had also a lot of variation in elevation 
(figure 4), and the climbing and landing took some time. There were lots of steep hills filled 
with tall sharp grass, so they were impossible to climb. There were not many trails or roads, so 
most of the walking had to be done in dense bushes. This also made the progressing into deeper 
forest more complicated, which affected to the locations of collected GPS-data points. 
Eventually, most of the data was collected quite near to the rivers, where it was easier to 
advance. The strict protection of the forest also affected to the proceeding; there was no 
competent guide, who would have been expert on the surroundings, as no one had been legally 
allowed to enter the forest for a while except for research purposes. For these reasons, all land 
cover classes are not presented equally in the data. Besides interviewing the locals, knowledge 
about the locations of different land use classes was gained by making observations and taking 
photographs. Based on this knowledge, some of the reference data could be identified from the 
high-resolution satellite images purchased for this project, and from Google Earth images. 
Altogether 389 GPS-points were collected. Out of the 12 land use classes used in the analys is, 
seven were visited in the field. 29 of the points were unclassified, so they were not used in the 
identification. Therefore, eventually 360 reference points were selected for the analysis. The 




Figure 8 GPS-points collected from the field. On the background is the high-resolution satellite image of 2015, used later on 
in the analysis. 
 
5.2 The high-resolution satellite images 
To detect land use changes in the study area, high resolution satellite images extending to the 
Welioya village and part of the Bogahapalassa Conservation Forest were used. The high-
resolution satellite images have been taken in January 2003 and July 2015 (figure 9). The 
images have been acquired at different seasons, which can affect to the results. On the other 
hand, the effect of season in the results would be even more important, if the images were 
analysed with for example Normalized Difference Vegetation Index (NDVI), which detects 
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density of green in the landscape. NDVI is calculated based on radiance values of the pixels, 
and radiance values are received based on Sun radiation, which is dependent on the season. As 
the images have been analysed with visual interpretation, which is not dependent on pixel 
values, the difference in acquisition time is not as relevant (Los et al. 2002). 
 
Figure 9 High resolution satellite images used in the analysis, in false colour. 2003 image on the left and 2015 image on right. 
 
The 2003 image has been shot with DigitalGlobe’s QuickBird, which is a commercial satellite. 
The resolution of the image is 0.61 metres after pan-sharpening. The most recent image from 
2015 has been shot with a WorldView-3 satellite, and its resolution after pan-sharpening can 
be up to 0.30 metres. The coordinate system used in the satellite images is WGS 84 / UTM zone 
44N. The images did not come completely unenhanced, as radiometric and atmospheric 
corrections were done to both of them already in the commercial company where they were 




Table 2 shows specifications of the images. In both images cloud cover is really low, which 
means that clouds have not prevented visibility in either of the images. The Sun Azimuth angle 
differs in the images. The Azimuth angle is measured clockwise from North (NOAA Earth 
System Research Laboratory 2017), meaning that in the 2003 image, Sun radiation came from 
the northeast, as in the 2015 image the radiation came from the southeast. This is due to the 
different time of the year that the images have been taken, which in turn has affected to the 
direction that shadows are pointing in the images. However, as the images are cloudless and 
such high resolution, the different shadows did not hinder the analysing process. The Sun 
Elevation is quite similar in the images, which means that the Sun radiation has come fro m 
similar angle in both of the images. In other words, the images have been taken quite at the 
same time of the day. This makes the shadows about the same size, which aids in the analysing 
process. 
Table 2 Specifications of the satellite images. 
  QuickBird (2003) WorldView-3 (2015) 
Orbit Altitude 450 Km / 482 Km 617 km 
Temporal Resolution 1 - 3.5 days, depending on latitude 
(30° off-nadir) 
1 day, 4.5 days at 20° off-nadir or less 
Swath Width (Nadir) 16.8 Km / 18 Km At nadir: 13.1 km 
Digitization 11 bits 11 bits per pixel  
Off-nadir 14° 26° 
Cloud cover 6 % 0% 
Sun Azimuth (A) 60.6° 139.6° 
Sun Elevation (h) 61.8° 51.1° 
Resolution     
Pan 0.61 m (nadir) to 0.73 m (20° off-nadir) 0.31 m (0.34 m at 20° Off-Nadir) 
Multi Spectral  2.62 m (nadir) to 2.90 m (20° off-nadir) 1.24 m, (1.38 m at 20° Off-Nadir) 
Image Bands     
Coastal  ‒ 400-450 nm (Nano meters) 
Pan 450-900 nm 450-800 nm 
Blue 450-520 nm 450-510 nm 
Green 520-600 nm 510-580 nm 
Yellow ‒ 585-625 nm 
Red 630-690 nm 630-690 nm 
Red Edge ‒ 705-745 nm 
Near IR1 760-900 nm 770-895 nm 
Near IR2 ‒ 860-1040 nm 
Acquisition Date 28/07/2003 02/01/2015 





As seen from table 2, both of the satellite images came with multispectral bands and a 
panchromatic band. The 2003 image contains four spectral bands; blue, green, red and infrared. 
The resolution of these spectral bands is 2.62 meters. In addition, the image contains a black-
and-white panchromatic band with a 0.61-meter resolution. The panchromatic sensor collects 
information at the visible and near-infrared wavelengths and has a bandwidth of 450-900 nm 
(QuickBird Product Guide 2006). 
The 2015 image contains eighth spectral bands. The bands that are absent from the 2003 image 
are coastal, yellow, red edge and near infra-red 2 (IR2) bands. The image’s multispectral bands  
can have a 1.24-meter resolution at their best, and a panchromatic band 0.31 meters resolution 
at its best. WorldView3-images can be purchased also with lower resolution. In this study, the 
resolution of the multispectral bands is 2.0 meters and panchromatic band is 0.50 meters. 
 
5.3 Other data 
Other data included photos, conversations and observations. The conversations included 
discussions with for example the Head Monk of the Buddhist Temple of Welioya. The Head 
Monk was highly educated scholar, who was an influential and respected spiritual guide in the 
area. The Temple had documentation about the different misuses of land, and they had appealed 
court cases against some of the higher governmental officials in the area. The Head Monk 
cooperated with the Centre for Environmental Justice against illegal actions. He gave a few 
interviews and told about the complicated situation in the area. 
Another influential official in the area was the Head of the Irrigation Department, who also 
gave an interview. He recommended that the Bogahapalassa Nature Forest should be highly 
conserved, so that the forest loggings would not influence to the water circulation in the area.  
He and the Head Monk worked as activists giving knowledge in the area and as spokesmen for 
the local communities. 
In addition conversations were carried out with the locals every day during the field trip. There 
were short conversations and also some longer periods of talks. The villagers told about the 
changes in the area from their perspective, and about the influence of governmenta l 
development projects to their lives. They told that the canal system had increased productivity 
of their fields. They also told about their fears against wild animals, such as elephants and how 
the elephants roam to their fields and sometimes eat most of the harvest. They also agreed that 
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sometimes they go to the forest to collect firewood, even though the fear of elephants limits 
their visits. On the other hand, there were also some suspicions against the foreign European 
interviewers, so sometimes they did not seem to tell all their thoughts, even though the presence 
of a Sri Lankan interpreter aided in the situation. 
The amount of photos taken from the study area reached to more than thousand. Their purpose 
was mostly to be a remainder of the different land use classes and their locations, albeit the 
photos included also general observations. Also other observations and notes were made in the 




Documentation in land management, owning and forest degradation in Sri Lanka is unclear 
(Chokkalingam and Vanniarachchy 2011). Even to start to clarify the land rights of all different 
land owners, official documentation is needed. Also the observation of forest loss is essential, 
as well as updating land cover maps and records of land cover change (Perera and Tsuchiya 
2009). For the documentation and mapping of land use changes in Sri Lanka, satellite image 
analysis is a justified method. 
In this study, land use changes in Welioya village and its surroundings were quantified with 
visual satellite image classification and interpretation methods similarly to Pellikka et al. 
(2009). The data was classified into 12 different land use classes: road, canal, homestead, home 
garden, paddy, other cropland, sparsely used cropland, grassland, dense forest, open forest, 
forest plantation and water. The interpretation and classification was done based on the colour 
information of the satellite images, and by using reference data and old land use maps to identify 
different land use types. The classification was performed in ArcMap 10.3.1. However, before 
classification, the satellite images were processed with Erdas Imagine 2014. 
After the classification, the landscape pattern changes were measured and quantified. This was 
done using FRAGSTATS software version 4.2, which is a spatial pattern analysis program for 
categorical maps. The focus was mostly in the changes of forestland, inhabited areas and 
rangeland, as they are the three most dominant land use classes in the area. 
 
6.1 Processing of the satellite images 
Figure 10 shows the workflow of the processing of the satellite images. For highest possible 
resolution satellite images can be pan-sharpened which was done also to these images. Pan-
sharpening is a technique that merges high-resolution panchromatic data with lower-resolut ion 
multispectral data to create a multispectral image with higher-resolution features (U.S. 
Geological Survey 2016). The pan-sharpening was done with Erdas Imagine 2014. After pan-
sharpening, the resolution of the 2003 image was 0.6 meters and the 2015 image 0.5 meters. 
Before analysis, also possible geographical distortion in the images must be corrected. The 
distortion can be caused by for example height differences or by the technique that the photos 
have been taken. Terrain roughness is one of the most significant causes for error, as remotely 
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sensed data is affected by topography of the ground (Rocchinia and Di Rita 2005 citing Hinton 
1996). Therefore, the images must be adjusted to the height differences of the area. The 
adjusting of the images to respond the actual topography is called orthorectification. 
Orthorectification smooths the error caused by rugged terrain. As the height differences vary 
also in Welioya, orthorectification can decrease the chance of error in the image analysis. Also 
the orthorectification was done with Erdas Imagine 2014. 
 
Figure 10 Schematic of the analysis procedure. 
 
For accurate results of orthorectification, a DEM raster layer is recommended (Rocchinia and 
Di Rita 2005). According to Rocchinia and Di Rita (2005), only the orthorectification method 
takes into account the elevation of the area under study by means of digital terrain models, 
which means that each pixel of the high resolution satellite image receives a value based on the 
elevation raster, and all of the adjacent pixels are also taken into account when creating an 
orthorectified raster layer. As the study area is rather small, it is best to do the orthorectifica t ion 
with as accurate elevation raster as possible. 
The most accurate DEM for Sri Lanka found from the internet was a 30 meter pixel size DEM 
raster. It has been created by the Shuttle Radar Topography Mission (SRTM), which is an 
international research effort that obtained digital elevation models to generate the most 
complete high-resolution digital topographic database of Earth. The DEM has been created with 
Radar system (RAdio Detection And Ranging), which is an object-detection system that uses 
radio waves to determine the range or angle of objects. The SRTM DEM was downloaded from 
the U.S. Geological Survey’s website (https://eros.usgs.gov/elevation-products), and it has been 
released in 2015 (NASA Jet Propulsion Laboratory 2017). 
After pan-sharpening and orthorectifying the images, they needed still to be georeferenced, as 
the images were slightly dislocated in relation to each other. At first, they did not match with 
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the control points collected from the field either. The dislocation of the images is due to the 
technique they were photographed. The scanning technique for both of the satellites is 
pushbroom, but the sensors of the satellites are different, so their layout is slightly different. 
Therefore, the geographical location of the images can differ from each other, and from global 
coordinate systems. 
The WorldView-3 image of 2015 was corrected first based on Google open source satellite 
images found from QGIS 2.8 - Wien. The 2015 image has been taken approximately at the 
same time as the reference points were collected, and therefore the area has not gone through 
any major changes. After the 2015 image was corrected, the older satellite image from 2003 
was georeferenced based on the new image. After georeferencing both of the satellite images 
matched with each other and with the in-situ reference points. 
 
6.2 Creating of land cover maps 
After orthorectification, pan-sharpening and georeferencing, land cover maps were created 
based on the satellite images. It was reasonable to create the map from the 2015 image first for 
the same reason it was reasonable to georeference it first, as the features in the landscape had 
not changed. The land cover maps were created with ArcMap. The process proceeded by 
outlining larger features, such as rivers and roads first, and then drafting smaller features. The 
features were classified following a beforehand chosen classification. There were few choices 
for suitable classification, such as FAO’s land cover classification (Salvatore et al. 2005), but 
eventually land use classification made by an independent, science-based foundation called 
ISRIC (World Soil Information) was used. The institute is a successor of the International Soil 
Science Society (ISSS) established by the United Nations Educational, Scientific and Cultural 
Organization (UNESCO) (ISRIC 2017). 
The land use classification used in this thesis has been created originally as part of the project 
called European Digital Archive of Soil Maps (EuDASM) (EuDASM 2005). It has been done 
for the whole Sri Lanka in 1981-1984 with similar methods as in this study, that is based on 
interpretation of aerial photographs and field verification. The original land use classifica t ion 
created for Rathnapura District in 1981-1984 is in appendix 2. The classification is used in this 
study, because it still corresponded to the current land use of the area and to the purposes of 
this study. The classification is presented in Table 3. 
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Table 3 EuDASM classification used in the land cover maps. As reference, also the classification by FAO is presented in the 
right. 
EuDASM CLASS CATEGORY CLASS CODE FAO CLASSIFICATION CLASS CODE 
Build-up area    Artificial surfaces and associated areas  
Road 1  1 
Canal 2  2 
Agricultural land      
Homestead 3 Artificial surfaces and associated areas 3 
Home garden (mixed tree 
and other perennial crops) 
4  4 
Cropland (field)   Cultivated and managed areas  6 
Paddy 5    
Other cropland 6    
Sparsely used cropland 7    
Rangeland   Grasslands and Shrublands    
Grassland (with sparse shrubs) 8  7 
Forestland   Forest   
Natural forest      
Dense forest 9  8 
Open forest (Grassland 
with sparse trees) 
10  9 
Forest plantation 11    
Water 12 Water 5 
 
The purpose was to classify the landscape into general classes, which would be different from 
each other and could be recognised by a human eye. The classification was made manua lly, 
which may be a slow process, but the accuracy of visual interpretation is better than the accuracy 
of fast, automated classification made by a computer program. Automatic classification was 
tested to the images first, but the results were not satisfactory. This is probably due to the 
greenness of the area; many classes that reflect green, such as home gardens, forests and 
plantations were mixed with each other in the automated classification. With a human eye, 
however, it was possible to separate them. Moreover, some of the paddys were in use and some 
were fallow, so part of them were green and part were brown during the time the images were 
taken. Therefore, the automatic classification categorised the fallow paddys as road or bare 
land, but with a human eye and due to the high resolution, it was reliable to classify both as 
paddy. 
The results of the classification are presented in figures 11 and 12. Altogether, there are 3039 
polygons in the 2003 land use map and 2397 polygons in the 2015 land use map. The maps are 









Figure 12 Results of the digitisation for the 2015 image. 
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After the creation of the land use maps, the analysis was done with FRAGSTATS. The software 
requires raster format, so both images were transformed into raster format (figure 13). The aim 
was not to lose information in the rasterization process, so smallest possible pixel size was  
chosen without the analysis becoming infeasibly slow. 
The pixel size for the raster layers was defined as 5 meters. In both raster layers, there are 958 
columns and 1705 rows. Therefore, the extent of the area is precisely 40 834 750 square meters 
(40.83 km²). After the images were transformed into raster format, the change could be analysed 
with FRAGSTATS. 
 
Figure 13 The raster format land use maps. The 2003 image is in the left and the 2015 image in the right. 
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6.3 Calculating measures of landscape pattern 
The landscape pattern measurements were executed with FRAGSTATS (Spatial Pattern 
Analysis Program for Categorical Maps), which is a software designated for analysing 
landscape patterns of categorical maps. With the software it is possible to analyse landscapes 
on patch, class and landscape level. Making analysis with the programme is quite simple, but 
the challenge is the massive number of metrics. Only the most suitable ones to describe the 
landscape should be selected. 
First and foremost, the metrics should be selected based on the area of study and purposes of 
the study (e.g. Liu et al. 2016; Turner and Gardner 2015). Therefore, out of the different metrics 
combinations presented previously, most suitable ones were chosen for this analysis based on 
literature and on the features of the study area. As the analysis is a temporal comparison of two 
different times, the metrics were chosen firstly based on their ability to predict temporal change 
(Borak et al. 2000). Nevertheless, the metrics should be also simple and understandable (Turner 
and Gardner 2015). Therefore, also a few simple and suitable metrics were chosen, which would 
understandably present the characteristics of the study area. 
In this study, the landscape is analysed on multiple levels to receive more information of the 
landscape. The levels have been chosen similarly to the studies of Shooshtari and Gholamalifard 
(2015) and Southworth et al. (2004), who both performed a temporal change analysis and chose 
quite similar class and landscape level metrics. Also Cushman et al. (2008) have received 
universal class and landscape level metrics, which were used as basis for choosing metrics in 
this study. 
As presented previously, besides these studies, there are also multiple other studies, where the 
researchers have chosen similar metrics. Out of these studies, the most suitable ones have been 
chosen to describe the study area. The metrics are on class and landscape level, as these levels 
have been used most often. The class metrics are presented in table 4, and the landscape metrics 
in table 5. All in all, 7 class metrics and 7 landscape metrics were chosen. 
In FRAGSTATS, the metrics are classified in eight different categories. Out of them, three 
categories on class level and four categories on landscape level have been chosen for this study. 
In table 4 and 5, the chosen metrics are in the left. The class metrics categories are 
Area/Density/Edge metrics, Shape metrics and Contagion/Interspersion metrics, and 
additionally, there is Diversity metrics class on landscape level. The acronym in the middle is 
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a code used in the software for every metric. Range describes the values that each metric can 
have. Some of the metrics receive only integers (for example Number of Patches), some receive 
values from 0 to infinity and some from 1 to infinity. Some values are measured in percent, 
such as Largest Patch Index. The results received form these metrics are presented in the next 
chapter. 
Table 4 Class metrics used in the analysis. 
Class level metrics FRAGSTATS acronym Range 
Area/Density/Edge metrics     
Number of Patches NP  NP ≥ 1, without l imit 
Edge Density ED  ED ≥ 0, without l imit 
Largest Patch Index LPI  0 < LPI ≤ 100, percent 
Patch Area Distribution (area-weighted mean)  AREA_AM  AREA_AM ≥ 0, without l imit 
Shape metrics     
Shape Index Distribution SHAPE_MN  SHAPE_MN ≥ 1, without l imit 
Fractal Index Distribution FRAC_AM  1 ≤ FRAC_AM ≤ 2 
Contagion/Interspersion metrics      
Interspersion & Juxtaposition Index IJI  0 < IJI ≤ 100, percent 
 
Table 5 Landscape metrics used in the analysis. 
Landscape level metrics FRAGSTATS acronym Range 
Area/Density/Edge metrics     
Edge Density ED  ED ≥ 0, without l imit 
Patch Area Distribution (area-weighted mean)  AREA_AM  AREA_AM ≥ 0, without l imit 
Shape metrics     
Perimeter-Area Ratio Distribution PARA_AM  PARA > 0, without l imit 
Contagion/Interspersion metrics     
Contagion/Diversity CONTAG  0 < CONTAG ≤ 100, percent 
Aggregation Index AI  0 ≤ AI ≤ 100, percent 
Interspersion & Juxtaposition Index IJI  0 < IJI ≤ 100, percent 
Diversity metrics   





Table 6 shows the change of each land use classes in total area (hectares) and in percentages. 
Table 7 shows the change in each of the classes in area, percentage points and percentages 
within a class. Percentage point (pp) is calculated subtracting the percentage of each class in 
2015 with the percentage of each class in 2003. For example, the pp for dense forest is: 61.85% 
- 44.86% = 16.99. The change within a class has been calculated with two different ways 
depending, if the proportion of a class area has increased or decreased. If the proportion has 
increased, the value has been received with b / a * 100%. If the class has decreased, the 
operation is (1 - b / a) * 100%. 
Table 6 Total areas and proportions (%) of the land-use classes in 2003 and 2015. 
CLASS 2003 2015 
 Hectares (Ha1) % (a) Hectares (Ha2) % (b) 
Dense forest 1823.40 44.86 2513.78 61.85 
Open forest 1083.58 26.66 681.32 16.76 
Grassland 631.69 15.54 283.38 6.97 
Home garden 159.47 3.92 245.99 6.05 
Paddy 84.52 2.08 89.28 2.20 
Water 82.93 2.04 77.77 1.91 
Sparsely used cropland 74.62 1.84 50.70 1.25 
Road 38.75 0.95 30.63 0.75 
Homestead 31.39 0.77 37.28 0.92 
Forest plantation 24.34 0.60 43.05 1.06 
Other cropland 21.35 0.53 4.10 0.10 
Canal 8.18 0.20 6.91 0.17 
 
Table 7 Change within each class in area, percentage points (pp) and percentages. 
CLASS Change (ha) Change in pp Change within class (%) 
Operation (Ha1 - Ha2) (b - a) b / a * 100 % or (1 - b / a) * 100 % 
Dense forest 690.38 16.99 37.86 
Open forest -402.26 -9.90 -37.12 
Grassland -348.31 -8.57 -55.14 
Home garden 86.52 2.13 54.26 
Paddy 4.76 0.12 5.63 
Water -5.16 -0.13 -6.21 
Sparsely used cropland -23.92 -0.59 -32.06 
Road -8.12 -0.20 -20.97 
Homestead 5.89 0.14 18.74 
Forest plantation 18.71 0.46 76.85 
Other cropland -17.25 -0.42 -80.78 
Canal -1.27 -0.03 -15.53 
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According to table 7, the total area of dense forest increased the most, 690.38 ha (16.99 pp). 
The amount of open forest decreased the most, 402.26 ha (-9.90 pp), but also the decrease in 
grassland was significant, 348.31 ha (-8.57pp). The total amount of forest (dense and open 
forest together) increased 288.12 ha (7.09 pp). Forest has been the most prevalent land use class 
in the landscape in both years. 
Besides dense forest, also the area of home gardens, paddys, homesteads and forest plantations 
increased. Out of these classes, the total area of home gardens increased the most, 86.52 ha 
(2.13 pp). The increment in the other classes was less than 0.5 percentage points. Conversely, 
the area of sparsely used cropland and other cropland decreased, but no more than 0.6 
percentage points. Also the area of road, canal and water decreased. The change is very small, 
only 0.2 percentage points in roads, 0.13 in water and 0.03 in canal. 
The pie charts in figure 14 show the change of each classes in percentages. As seen from the 
charts, the change is not so large in most of the classes. In eight of the classes, the change is 
less than one percentage points. These eight classes (road, canal, water, homestead, forest 
plantation, sparsely used cropland, other cropland and paddy) formed altogether 9.0 percent of 
the whole landscape in 2003 and 8.36 percent in 2015. 
However, the growth in the area of dense forest has been the largest; the change within the class 
is 37.86 percent (table 7). Also the change within the class of home gardens is substantial, 54.25 
percent, and in forest plantations even higher, 76.85 percent. Conversely, there has occurred 
considerable decrease in open forests, which have diminished 37.12 percent, and in grasslands, 
which have over halved by 55.26 percent. The areas of other cropland and sparsely used 




Figure 14 Proportion of the land use classes (%) from the whole landscape in 2003 and in 2015. 
 
7.1 Metrics results  
After the two layers were digitised and transformed to raster format, they were analysed with 
FRAGSTATS. As a result, the program produces different landscape metrics. As specified in 
the previous chapter, the amount of different metrics is vast. Based on literature, 7 different 
class metrics and 7 different landscape metrics were chosen for the analysis. The results of the 
class and landscape metrics are presented in the next subchapters. 
 
7.1.1 Class metrics 
The seven class metrics are divided in three subcategories, as presented in table 4. 
Area/Density/Edge metrics include Number of Patches, Edge Density, Landscape Shape Index, 
Largest Patch Index and Patch Area Distribution; Shape metrics include Shape Index 
Distribution and Fractal Index Distribution; and Contagion/Interspersion metrics includes 




Table 8 shows the results of Number of Patches -metric (NP). NP equals the number of patches 
of the corresponding patch type, in this case on class level. In 2003, the total number of patches 
in the landscape was 2 398, and in 2015 it had diminished to 2 190, altogether with 208 patches. 
According to Southworth et al. (2004) less patches equates to less fragmentation. In both years, 
there are most patches in homestead -class. However, the amount of the patches has decreased, 
even though the total area of homesteads has increased (table 6). This is explained by the fact 
that in the 2015 landscape, the houses are more “clumped”, as disperse houses have grown into 
villages with close by buildings. Therefore, they have also been classified together as larger 
groups in the 2015 map, which explains the smaller amount of patches. In 2003, there were less 
buildings, but they were located more isolated, so they have been classified separately. 
Open forest is the second largest class in Number of Patches in 2003 and in 2015, but the amount 
has almost halved during this time. Same has occurred to grassland and dense forest. This 
indicates that there is less separate patches, hence fragmentation, in the landscape within these 
classes. 
Conversely, there has been an increase in the number of patches in water, paddy, forest 
plantation, road and canal. Paddys and forest plantations are rather small in size, and the 
increase in the amount of the patches indicates the actual increase in both of these land-use 
forms. The increment in road -class is major. This is due the nature of the landscape; the roads 
are mostly covered by vegetation, so their whole extent is not visible. Therefore, the roads are 
disconnected in the landscape and form many small patches. Same goes with canal. The amount 
of roads has also increased in the area due to growth in inhabited area (table 6). In the situation 




Table 8 Number of Patches in the landscape. The total amount of patches has decreased with 208. 
CLASS NP_2003 NP_2015 
Dense forest 159 91 
Grassland 435 234 
Open forest 467 273 
Water 8 23 
Home garden 157 88 
Homestead 862 846 
Sparsely used cropland 154 116 
Other cropland 50 32 
Paddy 50 65 
Forest plantation 28 30 
Road 26 383 
Canal 2 9 
TOTAL 2398 2190 
 
Figure 15 presents Edge Density (ED) of all the classes. ED equals the sum of the lengths (m) 
of all edge segments in one patch type, divided by the total landscape area (m²), multiplied by 
10 000 (to convert to hectares). Some of the ED values overlap with other class metrics of this 
study, but the ED is still not completely redundant to the other metrics. For example, as the total 
area of dense forest has increased, the edge density has decreased from 159.43 to 133.15 m/ha. 
As the value is received by dividing the total edge length of the class with the total landscape 
area, and the area of the landscape is same in both years, the total edge length of dense forest 
has decreased. This is quite significant result, as after all, the total area of dense forest has 
increased considerably. As there are also less patches in the class in 2015, it can be concluded 
that the edges are more straight and simple. 
 















The most significant change has been in the edge density of grasslands. The length of grassland 
edges has diminished almost to one third, from 133.59 to 52.57 m/ha. This result is similar to 
the halving of the total area of grassland. Moreover, it implies that the edges of grasslands are 
shorter and straighter in 2015 than in 2003. Also the ED value of open forest has almost halved 
from 152.68 to 84.93 m/ha, as has the total area of open forest. However, the relative 
diminishing of edge density of open forest is slightly greater than the relative diminishing of 
the total area. 
The ED of home gardens has increased a little, but the total area of home gardens has grown 
over 50 percent. It can be concluded that home gardens are contiguous and connected to each 
other. This indicates also that populated areas in the study area are contiguous. Also edge 
density of roads has increased, even though their area has decreased. The number of roads has 
increased (table 8), which explains the increased edge density. ED of sparsely used croplands 
and other cropland has decreased, as has the total area of the land-use classes. Edge density of 
paddy has increased, as well as homestead and canal. ED of water and forest plantation has 
remained almost the same. 
Table 9 presents values of Largest Patch Index (LPI) metric, which equals the percentage of the 
landscape comprised by the largest patch in each class, and is expressed in percent. Once again, 
dense forest is the dominating value. In 2003, the largest dense forest patch dominated 13.70 
percent of the whole landscape, and in 2015 almost one fourth of the landscape, 24.04 percent. 
The proportion of the largest patches of other classes is really small; largest open forest patch 
took 2.19 percent of the landscape in 2003 and 1.53 in 2015. Water had the third largest singular 
patch in 2003 and in 2015. The prevalence of largest home garden patch increased from 0.53 to 
1.29 percent, which means that the prevalence of home gardens grew more in relation to the 
whole landscape than other classes. 
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Table 9 Largest Patch Index (%). 
CLASS LPI_2003 LPI_2015  
Dense forest 13.70 24.04 
Grassland 0.62 0.72 
Open forest 2.19 1.53 
Water 1.70 1.37 
Road 0.34 0.25 
Home garden 0.53 1.29 
Homestead 0.01 0.02 
Sparsely used cropland 0.20 0.13 
Other cropland 0.07 0.02 
Paddy 0.65 0.71 
Forest plantation 0.10 0.22 
Canal 0.18 0.09 
 
Figure 16 presents the area-weighted mean Patch Area Distribution (AREA). Only three classes 
were chosen for this comparison (dense forest, grassland and open forest), as these are the most 
dominant land-use types in the landscape (figure 14). In 2003, they comprised 87.06 percent of 
the whole landscape, and in 2015 85.58 percent. AREA equals the total area (m²) of the patches 
in each class, divided by 10 000 (to convert to hectares). AREA is expressed as area-weighted 
mean, which is a weighted mean, where the weights are based on the size of the patch. The 
highest area-weighted mean is with dense forest, both in 2003 and in 2015. The mean size has 
more than doubled from 255.50 m² to 660.75 m². This means that as there are less dense forest 
patches in 2015 (table 8), but the total area of dense forest has grown (table 6), the mean size 
of each forest patch has grown considerably. 
Also the mean size of grassland patches has grown. As the patches were in 2003 quite small in 
size (7.85 m²), they were in 2015 on average 30.03 m². The big change in the mean size results 
most likely from the vast amount of grassland patches in 2003, which of many were very small. 
Even though it looks like there are more and larger grassland patches in the 2003 landscape 
than in 2015 (figures 11 and 12), there were so many small patches in 2003 that especially their 
area-weighted mean size was small. In 2015, there were less grassland patches, and also the 
number of small patches declined, so the area-weighted mean size grew. 
Conversely, the mean size of open forest patches has diminished from 36.71 to 7.52 m². As also 
the total area of open forest has decreased, and the amount of open forest patches diminished, 
this could mean that other land-use types have replaced open forest. Based on this metric, it can 




Figure 16 Area-weighted mean Patch Area Distribution (m²). 
 
Shape metrics 
Shape Index Distribution is presented in figure 17, and it describes the complexity of the patch 
shape relative to a square of the same size (square in the occasion of raster format). If the mean 
of the Shape Index receives the value of 1, it means that the shapes of the patches within a class 
are as simple as possible, in this case squares. This is almost the case in the homestead class. 
Houses are mostly square or rectangle shaped, and when they are compared to a square, they 
do not differ much, and have therefore received a value close to 1 in both of the inspected years. 
It can be concluded from the values of sparsely used cropland, paddy and forest plantation that 
their shapes have remained quite similar in both years, even though their shapes are not as 
simple as with homesteads, as their values are closer to 2. That is to say, when their shapes are 
compared to a square, the edges are almost two times as complex as square’s. Compared to a 
square, the shape of other cropland has simplified slightly and the shape of home garden has 
become more complicated. 
Shapes of dense forest, grassland and open forest have all simplified. Moreover, their values 
are very similar. Shapes of dense forest and grassland have been more complicated in 2003 than 
open forest. However, their shape complexity has become more even and their values in 2015 
are almost the same, slightly over two. Shape Indices of water, road and canal were the most 
complex in 2003, but they all have become more even in 2015. The shape index values of water 
and canal are still quite high, over 3 and almost 5. As all these features are very curvy in real 
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Figure 17 Shape Index Distribution (mean). 
 
Table 10 describes the (area-weighted mean) Fractal Index Distribution. FRAC equals 2 times 
the logarithm of patch perimeter (m) divided by the logarithm of patch area (m²). FRAC 
approaches 1 for shapes with very simple perimeters such as squares, and 2 for shapes with 
highly convoluted, plane-filling perimeters. 
In 2003 homestead had the lowest area-weighted mean Fractal Index, 1.10. Once again, the 
Fractal Index of the edges of homesteads is small due to their simple square shape. The FRAC 
of homestead has increased slightly in 2015, as the houses are located close to each other and 
are more clumped in 2015. Therefore, they form united, larger and more complex shaped 
patches. Also the fractal index of paddy has increased, which indicates that the shapes of paddys 
have become more complex. Based on fractal index also the shapes of sparsely used cropland, 
home garden and canal have become more complex. Fractal index of home garden has increased 
the most, 0.06, indicating that the shape of home gardens has highest convolution and 
perimeters that are most plane-filling. 
Conversely, the fractal indices of other cropland, forest plantation, grassland, open forest, water 
and road have decreased. Largest decline, 0.06, has occurred in the fractal indices of grassland 
and road, indicating that the plane-filling perimeters of these classes have decreased the most, 
and also their shape convolution has decreased. 
The area-weighted mean fractal index of dense forest has remained the same in both years. This 













same in both years. Hence, according to this index, the convolution of the shape of forest 
patches has stayed the same. 
Table 10 Area-weighted mean Fractal Index Distribution. 
CLASS FRAC_AM_2003 FRAC_AM_2015 
Homestead 1.10 1.12 
Paddy 1.11 1.14 
Sparsely used cropland 1.16 1.18 
Other cropland 1.16 1.12 
Forest plantation 1.17 1.15 
Grassland 1.25 1.19 
Open forest 1.26 1.24 
Home garden 1.26 1.32 
Dense forest 1.31 1.31 
Canal 1.40 1.43 
Water 1.42 1.39 
Road 1.51 1.45 
 
Contagion/Interspersion metrics 
Figure 18 shows Interspersion & Juxtaposition Index (IJI) values of all the classes. Interspersion 
& Juxtaposition Index tells how interspersed classes are in relation to each other. In other words, 
IJI describes, how evenly the patches in different classes have spread around the landscape in 
relation to other patch types. When IJI approaches 0, the distribution of the patch types becomes 
increasingly uneven, meaning that they do not have much shared edges with each other. IJI 
reaches 100 when all patch types are equally adjacent to all other patch types (i.e., maximum 
interspersion and juxtaposition), meaning that they have equally shared edges with all the other 
patch types. IJI is presented in percentage. 
The IJI of dense forest has increased, indicating that it is more evenly scattered over the study 
area in 2015 than in 2003, and share more edge with more patch types in 2015 than in 2003. In 
2015, dense forest covered 61.85 percent of the whole landscape as in 2003, it covered 44.86 
percent (figure 14). As the share was higher in 2015, the fact that dense forest shares more edge 
length with the other patch types is logical. 
The IJI of grassland has remained about the same. In other words, grassland is equally 
connected to other patch types in each year. However, IJI of all the other land use types has 
decreased. For example with homesteads, the decrease is more than one third, even though their 
area has increased. Therefore, they share less edges with all the other land use classes in 2015. 




Figure 18 Interspersion & Juxtaposition Index. 
 
7.1.2 Landscape metrics 
The area is analysed on a landscape level with 7 landscape metrics. These metrics are divided 
in four subcategories. The Area/Density/Edge metrics are Edge Density and Patch Area 
Distribution. The Shape metrics include one metric; Perimeter-Area Ratio Distribution. 
Contagion/Interspersion metrics include Contagion/Diversity, Aggregation Index and 
Interspersion & Juxtaposition Index, and Diversity metrics include Shannon’s Diversity Index. 
Area/Density/Edge metrics 
Figure 19 shows the Area/Density/Edge metrics on a landscape level. The first one is Edge 
Density, which equals the sum of the lengths (m) of all edge segments in one patch type, divided 
by the total landscape area in hectares. When the whole landscape is examined, ED value is 
almost a third lower in 2015 than in 2003. In other words, there were 298.50 meters of class 
edges per hectare in 2003, and 212.00 meters per hectare in 2015. These values tell that the 
edges were shorter in 2015, hence not so convoluted. 
The other metric in figure 19, Patch Area Distribution (AREA), equals the area (m²) of the 
patch, divided by 10 000 (to convert to hectares). AREA is expressed as area-weighted mean. 
The area-weighted Patch Area is over three times higher in 2015, as it has increased from 127.46 
















large patches in the landscape. The increased value indicates a significant growth in the largest 
singular patches, in this case, large dense forest patches. 
 
Figure 19 Edge Density, presented in m/ha and area-weighted mean Patch Size presented in hectares. 
 
Shape metrics 
Figure 20 shows the area-weighted mean Perimeter-Area Ratio Distribution (PARA), which 
describes the ratio of the patch perimeter (m) to area (m²). In the metric, the patch shape is 
confounded with patch size; holding shape constant, an increase in patch size will cause a 
decrease in the perimeter-area ratio (McGarigal 2017). As seen in figure 20, the perimeter-area 
ratio has decreased, indicating increase in patch size. The values are area-weighted means, 
which means that the impact of the patch areas is affecting the mean. As the 2015 value is 
lower, the mean patch size is larger. 
 





























Figure 21 shows the landscape level Contagion/Interspersion metrics. Contagion (CONTAG) 
expresses the observed contagion over the maximum possible contagion. According to Li and 
Reynolds (1994), higher values of contagion usually result from landscapes with a few large, 
contiguous patches, and lower values generally characterize landscapes with many small, 
dispersed patches. Therefore, when every cell is a different patch type, CONTAG approaches 
0, and when the landscape consists of single a patch, CONTAG is 100. As seen from figure 21, 
the value of CONTAG is lower in 2003 than in 2015. Contagion is expressed in percentages, 
so in 2003 the observed contagion was 62.49 percent over the maximum possible contagion 
(100 percent), and in 2015 it was 68.32 percent. Based on these values, the landscape is 
constructed of less patches in 2015 than in 2003, even though the difference is rather low, only 
5.83 percentage points. 
Aggregation Index (AI) equals the number of like adjacencies involving the corresponding 
class, divided by the maximum possible number of like adjacencies involving the corresponding 
class. This is achieved when the class is maximally clumped into a single, compact patch, 
multiplied the proportion of the landscape comprised of the corresponding class, summed over 
all classes and multiplied by 100 (to convert to a percentage). AI equals 0 when there are no 
like adjacencies and 100 when the landscape consists of a single patch. 
More precisely, Aggregation Index is calculated based on adjacent cells; how different pairs of 
patch types (including like adjacencies between the same patch type) appear side-by-side on 
the map. As the cell size is 5 meters, it means that almost all the patches are larger than five 
meters, as only the size of the smallest patches (houses) is approximately five meters. Therefore, 
it is very likely that same class pixels form adjacencies. This explains also the high values of 
adjacencies in 2003 (92.80%) and 2015 (94.79%). Compared to a maximal adjacency (class is 
maximally clumped into a single, compact patch), this is true almost with the whole landscape. 
There are only few small patches, which do not form adjacency with a patch belonging to the 
same class. These patches are most likely the single houses that are located dispersed in the 
landscape. As mentioned earlier, in the 2015 landscape there are more houses, which have been 
built close to each other and are more clumped, so there are even less disperse patches, and the 
aggregation index is close to maximal adjacency, even though it is really high also in 2003. 
Interspersion & Juxtaposition Index (IJI) approaches 0 when the distribution of adjacencies 
among patch types becomes increasingly uneven and 100, when all patch types are equally 
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adjacent to all other patch types (i.e., maximum interspersion and juxtaposition). Even though 
IJI has decreased for all the singular classes except dense forest (figure 18), the IJI for the whole 
landscape has increased. This is once again explained by the large share of dense forest in the 
2015 landscape. As the proportion of dense forest is so large and widespread, it is more “in 
touch” with all the other land use types in 2015 than in 2003. However, the difference is not 
significant, only 3.65 percentage points. 
 
Figure 21 Contagion, Aggregation Index and Interspersion & Juxtaposition Index. 
 
Diversity metrics 
The value of Shannon’s Diversity Index (SHDI) represents the amount of “information” of 
diversity per patch, and it is used as a relative index to compare for example the same landscape 
at different times. Usually diversity indices describe both patch evenness and richness, but 
Shannon’s Diversity Index is more sensitive to richness than evenness. If diversity in a 
landscape is maximal, it means that patch types are equally distributed. (McGarical and Turner 
1995) SHDI gets close to 0 when the landscape contains only 1 patch, and increases, as the 
number of different patch types increases. 
Figure 22 shows the results of Shannon’s Diversity Index. In 2003, SHDI for the whole 
landscape was 1.51, and in 2015 it was 1.31. Based on this index, the diversity of the area, or 
the number of different patches, has decreased slightly. When SHDI approaches 0, the 
landscape contains only one patch, and as the number of different patch types increases, the 
value of the index increases. There were less patches in the landscape in 2015 as in 2003 (table 




















Figure 22 Shannon’s Diversity Index. 
 
7.3 Change detection 
The transformation of each class into other classes is presented in the transition matrix (table  
11). Transition matrices are used quite commonly, when landscape change is examined (Peña 
et al. 2007). The matrix presents, how much of each class type has remained in the same class, 
and how much has changed into other class types. This table does not indicate, how much the 
area of the classes has changed, it just shows how much of classes have remained in the same 
location. Total change is presented in tables 6 and 7. 
Less change has occurred in the dense forest class, as 90.9 percent has remained at the same 
location. Only less than 10 percent has transformed into some other class, such as open forest.  
Also the change in home gardens and paddys has been rather small. 74.2 percent of home 
gardens and 73.8 percent of paddys has remained the same. Most significant change in home 
gardens has been to dense forest (12 percent) and paddys to grassland (11.3 percent). 
Most change has occurred in the class of other cropland. Only 7.2 percent has remained the 
same, as 43.7 percent has changed to home gardens and 13.3 to sparsely used croplands. Also 
the change in sparsely used cropland is quite significant, as only 13.2 has stayed within the 
same class. Out of sparsely used croplands, 26.1 percent have changed to home gardens and 
22.3 to dense forest. From forest plantations and grasslands, around 25 percent has remained 
the same, and from roads and canals the amount is around 30 percent. From homesteads and 
open forest, the number is around 40 percent, and for water, slightly over 60. 
As seen from the matrix, most of the change within the classes has been to dense forest. This 













gardens. In open forest and grassland, the second and third largest classes, most of the change 
has been into dense forest, suggesting that the open areas have diminished. 
Table 11 Transition matrix, describing the change within each class from 2003 to 2015. The unchanged proportion of each 

































































































    % % % % % % % % % % % % % 
Road 988 35.7 0.9 3.2 14.1 4.4 0.3 3.5 4.6 29.9 2.7 0.3 0.4 100.0 
Canal 189 10.6 34.9 0.0 3.7 0.0 0.0 0.0 2.6 46.0 0.5 0.0 1.6 100.0 
Homestead 791 2.5 0.0 42.4 38.1 1.1 0.1 2.0 1.1 11.5 0.4 0.8 0.0 100.0 
Home 
garden 3950 2.7 0.0 7.0 74.2 1.3 0.2 1.6 0.1 12.0 0.2 0.6 0.1 100.0 
Paddy 2093 0.2 0.0 0.8 5.1 73.8 0.1 1.7 11.3 5.2 0.4 0.9 0.5 100.0 
Other 
cropland 540 0.0 0.0 5.6 43.7 3.5 7.2 13.3 9.8 8.3 0.0 8.5 0.0 100.0 
Sparsely 
used 
cropland 1836 0.9 0.0 2.5 26.1 10.3 2.2 13.2 18.1 22.3 1.0 2.9 0.4 100.0 
Grassland 15790 0.6 0.1 0.3 2.8 1.6 0.1 3.5 25.1 36.7 26.2 1.9 1.1 100.0 
Dense 
forest 45558 0.2 0.1 0.1 2.0 0.2 0.0 0.3 1.7 90.9 2.8 0.7 1.0 100.0 
Open 
forest 27102 0.4 0.0 0.3 2.1 0.1 0.0 0.5 6.1 47.1 42.7 0.6 0.1 100.0 
Forest 
plantasion  608 0.3 0.0 0.2 4.9 0.0 0.0 0.3 0.7 68.6 0.3 24.7 0.0 100.0 
Water 2089 0.1 0.0 0.0 0.0 0.1 0.0 0.3 0.3 35.8 0.8 0.0 62.5 100.0 
 
7.3.1 Areal change 
Figure 23 shows a change density map of the study area. The change density map was created 
by examining each pixel in the 2003 and 2015 maps and surveying, if the class values of the 
pixels remained as the same or changed into other classes. All the pixels that remained the same 
(change is absent), received value 0, and all the pixels that changed into different class (change 
is present), received value 1. From these values, a present-absent binary map was created, and 
the density of the present -pixels was examined with neighbouring technique. 
The areas, where present-pixels are clustered, are presented in orange, and the areas where the 
absent-pixels are clustered, are presented in blue. However, the change density map does not 
describe how much there has been change; it only describes, where there has been most change, 




Figure 23 Change density map, which indicates, where there has been most and least change from a land use class to another. 
 
As dense forest has been the most prevalent land use class in both of the inspected years, its 
change is examined more closely in figure 24. The map has been created by calculating the area 
of dense forest in 100x100 meter pixels, so when the increment of dense forest has been 100%, 
the pixel has received value 10 000 m². If the increment has been less than 100%, the pixels 
have received values lower than 10 000. The calculations were done for both years, after which 
the 2003 value was subtracted from the 2015 value. Areas, where pixel values are between 0 - 
10 000 m², are green. Hence, the green shade indicates growth of forest area. When the value 
 62 
 
is negative, it means that dense forest has changed into other land use classes. These pixels have 
received yellow shade. When the difference is 0, the area of forest has remained the same. These 
areas are white on the map. 
 
Figure 24 Change of dense forest cover. 
 
Overall, the area of dense forest has increased quite substantially. Especially in the southeast, 
in both sides of the Kalkanna Oya river and in west, south of Welioya river, there has been 
growth in dense forest area. 
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There is least change (white areas) in southwest in the Welioya village, where also most of the 
inhabited areas are located. This is logical, as in both of the inspected years, the area has already 
been inhabited (figures 11 and 12). However, also most of the forest clearings have occurred 
around the river and in the inhabited areas (yellow), which indicates that there has been some 
forest in the inhabited areas in 2003, which have been cleared by 2015. 
Also in the north between Pataha Oya and Kalkanna Oya rivers, in northwest between Welioya 
and Pataha Oya rivers and in the east side of Weli Oya river, there are lost dense forest areas 
and areas, where forest cover has remained absent. However, in these areas, there is not so much 




8. Discussion and conclusions 
The measures of the landscape pattern calculations are rather unexpected. Based on literature 
in development geography, conservation and ecology, it is expected that forest cover is 
decreasing, especially in the tropics. This has also been the understanding with the state officia ls 
in the study area. This emphasises the need for a better documentation of forest cover change. 
On the other hand, there are also studies, where forest cover has increased. For example in the 
study of Hersperger and Bürgi (2007), the landscape has become more forested. This landscape 
change trend is called greening. Usually, when agriculture is intensified, there are elements of 
declining in for example single trees or orchards, but an opposite phenomena called greening 
means that new landscape elements appear (Hersperger and Bürgi 2007). Hersperger and Bürgi 
(2007) present that the most important driving forces of greening in their study are ecologica l 
awareness, agricultural policy and technical modernization of society. These are unlikely the 
driving factors in Welioya, since the structures of society are different than in Hersperger and 
Bürgi’s study area in Switzerland. 
Also Peña et al. (2007) received results of increasing natural areas in their study area in Spain. 
This is caused in their case by for example abandonment of dry crops due to low productivity, 
which in turn has caused greening. Also natural vegetation recovery (succession) and 
cultivations (plantations) have affected to the increasing of natural areas. In their case, the most 
significantly affecting factors to land use changes are coastal proximity, which has increased 
tourism, and water availability, which has increased the use of irrigated crops. 
For one, the results of increasing forest cover in Welioya are likely a consequence of the 
conservation laws in the area. The results in this study are similar to the results of Lindström et 
al. (2012), where the forest cover had not decreased in the conserved forest area. In this study, 
the forest cover has not decreased, but even increased. As almost all activities have been 
prohibited in the forest, practising of some traditional cultivation has become less popular. For 
example chena cultivation, where trees are cleared and ground burned for paddy fields, has 
become less common. As a result, the abandoned chena cultivations have recovered and become 
forested or turned into grasslands due to natural succession, similarly as in the study of Peña et 
al. (2007). 
Even though the forest cover has increased in the study area based on these results, it does not 
necessarily mean that diversity in the area has increased. At least based on Shannon’s Divers ity 
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Index (figure 22), diversity has decreased slightly. However, McGarical and Marks (1995) 
highlight that diversity does not take into account the ecological importance of each of the land 
use types. Moreover, a landscape may have high patch type diversity, but some of the types 
may be undesirable for a functional ecological system, or a landscape may have low diversity, 
but the class types can be rare or desired for the ecological community. Hence, even though a 
landscape might have high diversity, the diversity value does not tell, which patch types have 
high or low ecological significance. (McGarical and Marks 1995) 
In addition to the conservation laws, there are undoubtedly also many other reasons for the 
changes in the land use composition. For example, the building of the canal system and the dam 
has most likely effected to the area. The purpose of the canal system was to bring water to a 
wider area, so it would be possible to practice for example paddy cultivation year-round. The 
aim was also to increase production. The building of the irrigation system started in 2000 and 
ended in 2007. Therefore, the first satellite image has been taken three years after the 
construction started, and the newer image has been taken, when the canal has been in function 
for eight years. Given the timing, it can be clearly noticed that there has been an increase in the 
area of home gardens. The increase in the area of paddys, however, has not been notable. 
Also the area of forest plantations has increased. For some, this is unwanted results as the 
increase of forest plantations may imply that natural forest has been cleared out of their way. 
On the other hand, forest plantations are planted intentionally and they are needed as at least in 
ideal situation, they bring economical profit for the locals. Additionally, from the perspective 
of carbon sinks, they work similarly as natural forests. Realising this, some of the locals thought 
that it is better to have pepper plantations in the forest than not have forests at all. Still, the 
ecological systems are affected differently from different plants, and from natural versus 
planted trees. 
Nevertheless, dense forest cover has increased in the area, and especially in the Bogahapalassa 
Conservation Forest. On the contrary, open forest, as well as grassland, has decreased. Based 
on these results, open areas have diminished between 2015 and 2003. From the perspective of 
water circulation, this can be advantageous to the area, as the presence of more trees ties water 
and nutrients to the ground. On the other hand, also open areas are needed, as some species 




The use of land depends also on season. Before the canal was built, rice was cultivated in the 
area normally once a year. After the building was completed, rice could be cultivated at least 
twice a year. However, the cultivation is still partly dependent of the monsoons, as the canal 
gains its water mostly from the rains. 
Also the effect of the acquisition time of the satellite images must be taken into consideration, 
when drawing conclusions from the results. The 2003 image was taken in January, and the 2015 
image was taken in July. In January, the monsoon rains are just ending, whereas in July, the 
precipitation is at its lowest (figure 5). Based on the precipitation, it could be presumed that the 
image of 2003 is much greener than the 2015 image. As seen from the results, this is not the 
case, which means that even though the 2003 image has been taken during monsoon season, 
the greenness in the image is lower. 
When considering timing, it is also important to take into consideration that it is common to 
cultivate other crops, when the season is not the right for rice cultivation. The transformations 
of land use can be very short-term, and the different uses may not be visible at different times. 
For example, rice cultivations can be left fallow for some time, and they can be taken into use 
again after even a few year’s break, which may have had an effect to the results. However, the 
resolution of the satellite images is so high that it was possible to separate different stages of 
transformations. For example, it was possible to recognise in most cases, if paddys were indeed 
active or inactive paddys, or if they had been transformed to some other cultivations. Some 
paddys (chenas) had been abandoned and transformed into grasslands. There is always a 
possibility for a classification error, but the high resolution likely diminished it. 
In the comparison, the area of road, canal and water had decreased (table 6). The greenness of 
the 2015 image most likely explains this. During that time, some of the roads, rivers and canals 
were “under” the vegetation, so they were not visible in the landscape. Moreover, the change is 
only 0.2 percentage points in roads, 0.13 in water and 0.03 in canal. In fact, in reality the area 
of roads and canal had increased during the 12 years due to growth in inhabited area and due to 
the building of the irrigation system. The area of home gardens had increased, which affected 
to the amount of large trees near homesteads. Therefore, some of the roads stayed under these 
trees. Also the canal was not always visible due to the increased dense forest cover. The area 
of water, on the other hand, varies on regular intervals based on dry and monsoon seasons, as 
the area of the rivers grow when the water level is higher during monsoon season. 
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Even though the 2003 satellite image was taken during monsoon season, the landscape was 
more fragmented in 2003 than in 2015. In addition to the conservation of the Bogahapalassa 
forest, there can be many other reasons for these results. For example according to the 
Bogahapalassa Forest Management Plan (2016), the area has suffered from forest fires form 
time to time. Moreover, the precipitation values are given as mean values. According to Turner 
and Gardner (2015), changes in extreme values, such as maximum or minimum, may have large 
ecological effects, even if the mean value does not change. There is no much data of the past 
precipitation of the area, but as presented in chapter 2, climatological factors can have immense 
influence on landscape construction. Their effect could be examined further also in Welioya. 
Also species population interactions, such as competition, can produce patchiness in landscapes 
(Turner and Gardner 2015). It is possible that the composition of the landscape may have been 
different in these two years, which can have affected to the population configuration. Also this 
would need more examination. 
Based on the transition matrix (table 11), some questions arose about changing cultiva t ion 
practises in the area. As most of other cropland and sparsely used cropland had changed into 
home gardens, it could indicate that there has been more substantial changes in the farming 
practises and life styles of the villagers. The shift to home gardening is quite understandab le, 
because the other crop types are not as productive (Peña et al. 2007). In the study of Peña et al. 
(2007), the area of non-irrigated crops declined 61% in 44 years. 
Regardless, other types of farming were not the majority cultivation types in the beginning of 
the 2000s anyway (table 6) and therefore probably their decreasing does not have large 
influence to the life styles of the people in the area. The canal has most likely enabled the 
increasing home gardening, and maybe even made moving to the near-by villages more 
attractive. All in all, based on the increased area of home gardens it can be concluded that 
regular access to water has increased in the area. 
The study area is rather small, only 40.83 km². This is a case study, and the results received in 
this area may not be comparable to other areas, even in Sri Lanka. This study does not claim 
that tropical forests have increased in Sri Lanka or in the tropics. However, it shows that forest 
conservation by law can increase the area of forest cover. Moreover, it shows that governmenta l 
actions have many different impacts on the development of an area. The governmental Weli 
Oya irrigation project affected to the ways of cultivation, shifting them from traditional and less 
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productive cultivation practices to more productive home gardening. It was probably also one 
factor that affected to the increase of inhabited area. 
Problems may arise, if these results are directly extrapolated to the surroundings, as phenomena 
change and behave differently with different scales. Otherwise, weak results could follow. 
(Turner and Gardner 2015) Moreover, it is not meaningful to draw too simplistic conclusion of 
these results to other areas without further examination. 
This is only one perspective on the land use of the area. It could be studied from many other 
perspectives as well, such as examining water circulation and erosion, or form the perspective 
of species diversity. The examination was done in two time periods, and if the area would be 
examined in a wider time interval, the results could be different. There is also a great potential 
to execute predictive analysis for the area with the satellite images, by performing predictive 
modelling. Nevertheless, temporality is challenging in land use change analysis, as areas are 
affected by so many different factors at different times. With more extensive data, some more 
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Appendix 1 The land cover map used as reference for visiting some locations in the study area (orange rectangle). A 
topographic map of scale 1:50 000, made by the Survey Department of Sri Lanka, updated in 1995. The GPS-points were 




Appendix 2 Land use classification for Ratnapura District 1981-1984, created by EuDASM (European Digital Archive of Soil 
Maps).  
